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STELLINGEN 
1. Het Salmonel1a-probleem bij slachtkuikens kan worden opgelost, indien 
koppels slachtkuikens zoveel mogelijk Salmonella-vrij worden gemest, het ge-
slachte dier op de meest hygiënische wijze wordt behandeld en ter eliminatie 
van de onvermijdelijke residuale besmetting een dekontaminatie-behandeling 
ondergaat, bijvoorbeeld met ioniserende straling. 
2. Het effekt van de toevoeging van katalase aan selektieve voedingsbodems, om 
ook de groei van sublethaal beschadigde cellen op deze voedingsbodems mogelijk 
te maken, dient nader te worden onderzocht. 
3. De bewering :"pectin and pectic enzyme research constitute a vicious circle", 
is van toepassing voor diverse gebieden van enzyme onderzoek, bijvoorbeeld bij 
het cellulase onderzoek. 
W. Pilnik en F.M. Rombouts (1981) in :Enzymes and Food Processing, Applied 
Science Publishers 
4. De ironische wet van Maier :"if facts do not confirm theory, they must be 
disposed of", wordt in wetenschappelijk onderzoek nog te veel toegepast. 
5. Wei-eiwit preparaten kunnen kip-heelei niet vervangen bij het vervaardigen 
van bakprodukten. 
J.N. de Wit en E. Hontelez-Brackx (1981) International Dairy Federation Case 
Report, subject 6b, Luxembourg 
6. Er is een ontoelaatbare wildgroei in gebieden van onderzoek die tot de 
biotechnologie worden gerekend. 
7. Bij de bereiding van parenteral ia wordt, in vergelijking met andere konta-
minatie-bronnen, te veel aandacht besteed aan de luchtkwaliteit in de produk-
tieruimten. 
Bereiding van parenteralia in ziekenhuisapotheken (1981) Pharmaceutisch Week-
blad 116, 712-736 
8. Het ontwikkelen van theorieën omtrent "ideal points" c.q. "bliss points" 
gedurende enkele decennia, heeft (nog) niet kunnen voorkomen, dat onderzoekers 
pogingen ondernemen rechtlijnige verbanden aan te tonen tussen intensiteit 
van kwaliteits-eigenschappen en algehele sensorische waardering van voedings-
middelen. 
H.R. Moskowitz (1981) Journal of Food Science 46, 244-248 
9. Alvorens vlokkingsslib als veevoeder c.q. veevoedergrondstof kan worden 
toegepast dient dit te worden geproduceerd op een wijze welke garandeert, dat 
het eindprodukt voldoet aan redelijke microbiologische eisen. 
10. De versheid van het konsumptie -(tafel)- ei dient met behulp van konsumen-
ten-panels te worden vastgesteld. 
11. De selektie van de jeugd volgens het fasenplan van de KNLTB gaat uitsluitend 
uit van de tenniskwaliteiten van de kinderen; het verdient aanbeveling slechts 
dan tot selektie over te gaan, indien beide ouders tegen deze selektie lijken 
te zijn opgewassen. 
IE. Het handhaven van de koopkracht kan schadelijk zijn voor de gezondheid. 
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INTRODUCTION 
Foods of animal origin, such as poultry and poultry products have often 
been found contaminated with pathogenic microorganisms. Amongst these 
salmonellae, Clostridium perfringens and Staphylococcus aureus are 
responsible for the largest proportion of food transmitted incidents 
(400,401,407). Salmonellae are very important because of their predominant 
role in human food infections, particularly in high-risk groups of the 
population, such as very young children, diseased and elderly persons. 
Annually an average of 7500 cases of human salmonellosis are reported in 
The Netherlands. This number of reported cases is probably only 1-5% of the 
real incidence (22,100,296,403). 
Contaminated raw foods introduce salmonellae into kitchens where they are 
spread onto initially Salmonella-free foods (89,332,361). Poultry plays an 
important role in this spread of salmonellae. Many investigations have 
shown that up to 90% of the examined broiler carcasses may be Salmonella-
positive. 
Among the sources of infection of broilers with salmonellae feed is very 
important, since it affects all parts of the poultry production chain. In 
The Netherlands attempts to free broiler flocks from salmonellae by 
decontamination of feed have failed. As long as the farm environment is 
contaminated with Salmonella, decontamination of feed as the only measure 
taken seems ineffective. 
Better hygienic conditions during the slaughtering procedure have not 
resulted in a decreased percentage of carcasses contaminated with these 
bacteria either. The inefficacy of preventive measures to control 
salmonellae in broilers has led to a search for processes and methods to 
decontaminate the end product. 
Heating applied as a surface pasteurization (184,185) can not be used as 
the product is changed too much. 
Treatment of carcasses or processing water with chemicals like citric acid, 
glutaraldehyde, lactic acid, lysozyme, sorbic acid and succinic acid have 
not yet resulted in a commercially applicable process (166,292,341). 
The addition of chlorine to the processing water gave good results with 
respect to the total bacterial load of the water, but no effect was 
observed with respect to Salmonella (217). Moreover, this procedure is not 
legally permitted in several West-European countries. 
Lactic acid decontamination of pork seems to be a promising process (408). 
Its effect in terminal decontamination of broilers remains to be 
substantiated. 
One of the remaining but very promising possibilities for protecting the 
consumer against the Salmonella hazard is the use of irradiation to 
eliminate these microorganisms from the slaughtered poultry carcasses. In 
red meat processes like infrared and ultraviolet radiation gave good 
results in the decontamination of the meat surface (248,320). As the 
microbial contamination of a poultry carcass is not limited to the skin, 
but also occurs in the abdominal cavity these processes are less applicable 
because of their low penetration capacity. For the radiation treatment of 
poultry carcasses gamma-radiation can be used, because of its 
high-penetration capacity. Low doses of ionizing radiation have already 
been suggested many years ago to extend shelf life of broiler carcasses at 
refrigeration temperatures. This has not resulted in a practically 
applicable process, as improvements in both the cold chain and the 
packaging of slaughtered poultry have led to better preservation. The costs 
of the process are not the reason that it has not become commercial. The 
main reason lies in the consumer's resistance against the use of any 
process in which atomic energy is involved (409). 
The application of low doses of ionizing radiation results in the decrease 
of the level of potentially harmful pathogenic microorganisms in poultry 
products. It is known that bacteria like Escherichia coli, Pseudomonas, 
Salmonella and Staphylococcus aureus are sensitive towards ionizing 
radiation. Therefore a treatment of slaughtered poultry carcasses with 
ionizing radiation would result in a virtually pathogen-free end product. 
The application of this radiation treatment has also some disadvantages. 
The use of gamma-radiation at doses over 5.00 kGy to poultry and other food 
products may cause undesirable side-effects, such as changes in colour, 
odour and flavour. These effects can be reduced by performing the process 
at temperatures below freezing. 
Even so, the application of a radiation process is limited to a certain 
maximum dose. 
This thesis reports investigations using gamma-radiation to decontaminate 
poultry carcasses. The application to foods of doses of ionizing radiation 
sufficient to reduce the number of viable specific non-sporeforming 
pathogenic microorganisms so that none is detectable in the treated food by 
any standard method (130,405) is termed radicidation. The doses used in 
this study were at such a level that no undesirable or unfavourable 
side-effects occurred. The effects of these doses were studied on 
salmonellae and other microorganisms present in, or associated with poultry 
carcasses and in liquid and on solid culture media as well. 
Decimal reduction (D-m) values were estimated. These represent the dose 
(kGy) required to achieve a reduction in initial colony count from N„ to 
0.1 NQ. Together with the estimation of the numbers of Salmonella present 
per carcass the data were used to predict the effect of an ionizing 
radiation treatment of poultry. Data on the effect of ionizing radiation on 
the total microflora of poultry carcasses were also collected. 
CHAPTER 1 
1. LITERATURE REVIEW 
1.1. The role of Salmonella in food infection. 
The genus Salmonella belongs to the family of Enterobacteriaceae of which 
some (Arizona, Salmonella, Shigella) have an important pathogenic 
significance. As far as food infection is concerned, Salmonella is by far 
the most important agent in many countries and regions of the world. For 
that reason statistics are published in all parts of the world reporting 
Salmonella isolations from human and non-human origin. These statistics 
give an insight into the origin, the presence and the distribution of these 
bacteria. 
In some countries, e.g. The Netherlands, a record of Salmonella isolations 
is kept. The total number of isolations per year, from human or animal 
origin or from different food products is recorded (17,22,23,135,402). In 
case of human Salmonella isolations, the number is related to the total 
number of cases of disease. 
Salmonellae can be found in the digestive tract of healthy humans and 
animals and can easily be spread in and via the environment where the 
bacteria can survive or even multiply under favourable conditions. Once 
present in the digestive tract salmonellae may cause clinical symptoms of 
illness or may stay without causing clinical symptoms ("carrier state"). In 
the so-called carrier state, large numbers of salmonellae are excreted with 
faeces. Faeces of animals and birds may contaminate surface waters. The 
utilization of manure on agricultural land for fertilizer reasons is also a 
link in the chain of the Salmonella-cycle. The spread of the bacteria can 
take place for example via birds, insects or rodents. 
In animals Salmonella is found in excreta and internal organs of cats, 
dogs, pigeons, chickens, ducks, geese, turkeys, cows, horses, sheep, 
rabbits, hares, rats and mice. Animal feed may be a factor in the 
contamination of these animals. 
The environmental influence on Salmonella infections and contaminations was 
studied in The Netherlands. 
In the project "Walcheren" a correlation was demonstrated between human 
salmonellosis, Salmonella infections in pigs and Salmonella contamination 
of feed, foods and effluents (99,100). Evidence was found for the existence 
of permanent Salmonella contamination cycles resulting in marked infection 
pressure from the environment. 
Annually an average of 7500 cases of human salmonellosis are officially 
reported in The Netherlands (22,296). It is estimated that at least 20 
million cases of human salmonellosis occur all over the world (16,78). 
Literature data suggest that only 1 to 5% of the real incidence of human 
food infection is reported to the authorities (16,83,100,105,146,333,357, 
402), although salmonellosis is a notifiable disease in many countries. 
Inadequate isolation techniques also cause apparent low incidence rates. 
Investigations into the causes of Salmonella food infection are hampered by 
the fact that, for example in The Netherlands, in contrast to countries 
such as the United Kingdom, the United States and Western-Germany, the 
majority of cases are individual or family outbreaks. It is therefore very 
difficult to trace the food product or products aetiologically involved. 
In the USA 9 - 13% of all reported cases of food infection over the period 
1963-1976 were caused by Salmonella (9,48,58). In Canada (347,348,350) 
these percentages were 22.8 - 25%, whereas in Australia (331) in the years 
1967-1971 27% of the cases of food infection were caused by Salmonella. 
In England and Wales (370) this was 40% over the period 1969-1972. Over the 
period 1973-1975 74% of the total number of cases of food infection with 
identified causes were due to Salmonella (369). In those countries another 
high percentage (73%) of Salmonella food infections was also reported in 
1968 (221). 
1.2. Salmonella in man 
Salmonellosis belongs to the zoonoses, diseases which can be transferred 
from animals to man and vice versa. The latter only applies for an indirect 
transmission by the environment. In view of the infection pressure 
indicated in Section 1.1. it is not surprising that 6-10 serotypes most 
frequently isolated from animals or animal products also belong to the main 
10 serotypes isolated from human patients. As the same serotypes are found 
in humans and animals, it is not surprising that serotypes frequently 
isolated from animal feed, foods of animal origin and surface waters, cause 
clinical symptoms in man. 
The severity of the disease depends on the age and the overall condition of 
the consumer and of course on the organism : number of ce l ls absorbed, 
serotype and s t ra in . Babies, young ch i ldren, aged people and persons with a 
del icate health are more sensit ive to salmonellae than healthy persons 
(16,17,22,23,296,404). 
The incubation time for salmonellosis is usually 6 to 24 hours (average 12) 
with 3 hours as a minimum and 72 hours as a maximum. Acute symptoms of 
disease include nausea, stomach ache, vomiting, diarrhoea, cold c h i l l s , 
fever and exhaustion. The symptoms of disease normally persist for 2 to 6 
days, but in exceptional cases for several weeks. These more or less 
serious symptoms of gast ro-enter i t is are caused by so-called " e n t e r i t i s " -
salmonellae. They d i f f e r from the very serious c l i n i ca l symptoms of i l lness 
(septicaemia), which are caused by two other serotypes of the genus 
Salmonella, v i z . paratyphi B and typh i . The mortal i ty of the disease caused 
by the "enter i t is"-salmonel lae is below 1% (17,22,23,333). The morta l i ty is 
usually expressed per 100,000 inhabitants, but the best standard for 
measuring the morta l i ty of salmonellosis is the case f a t a l i t y rate : the 
number of cases with a fata l outcome divided by the to ta l of reported 
cases. In The Netherlands i t is d i f f i c u l t to give an exact case f a t a l i t y 
ra te , because only a minority of outbreaks is reported and even fewer 
investigated (22). In the USA (48) the case f a t a l i t y rate during the years 
1962-1971 was 0.41% : i n 1967 in 29 epidemics in which 5761 persons were 
involved, 0.22%; in 1971 0.79% in 44 epidemics in which 1391 persons were 
involved. In cases in which salmonellosis was f a t a l , the patients always 
showed symptoms of previous diseases. 
In 1951 the morbidity in The Netherlands (333) per 100,000 inhabitants was 
4 . 1 ; in 1958 : 28.6. From 1967-1972 th is f igure ranged from 25 to t 43. In 
1974 and 1975 th is f igure was 44 and 47 respectively. 0.2 - 0.5% of the 
infected patients became car r ie r of Salmonella bacteria (22). 
The to ta l number of ce l l s of salmonellae required to t r igger c l i n i ca l 
symptoms of disease vary per person and per Salmonella serotype (212,213, 
214,368). In l i t e ra tu re i t is stated that 1.0 x 104 , 5.0 x 105 and 5.0 x 
10 ce l ls of Salmonella typhimurium, Salmonella anatum and Salmonella 
meleagridis were necessary (212). 1.5 x 105cells of Salmonella bare i l l y and 
Salmonella newport proved su f f i c ien t to cause the disease (213,214). In 
l i t e ra tu re higher numbers of ce l ls are also given for these and other 
Salmonella serotypes causing disease. 
However, in most of the publications, the physiological condition of the 
persons, mostly volunteers in prison, is not mentioned. Until 1974 there 
was hardly any mention in the literature of clinical symptoms of 
salmonellosis caused by products containing less than 100 Salmonella cells 
per gram. 
Only once (Salmonella muenchen) it was reported that Salmonella food 
infection had been caused by a product containing as few as 10 cells per 
gram (311). Recently there have been publications indicating that 
salmonellae present in a very low cell concentration can cause 
salmonellosis. The Salmonella eastbourne epidemics caused by chocolate 
(79), Salmonella wien via pepper, Salmonella panama via caseinate (268) and 
Salmonella typhimurium via apple cider (300) are examples of salmonellosis 
caused by a very low concentration of these bacteria. In the case of the 
food infection caused by caseinate growth may have taken place during the 
preparation of the dietary meals in a children's hospital; in the case of 
food infection via chocolate and via home made apple cider growth can be 
excluded because of the low water-activity (a ) in case of the chocolate 
w 
and because of the pH of 3.6 - 3.9 in case of the cider. At this pH, 
however, cells may survive. It therefore depends on the physiological 
condition of the consumer, whether or not absorption of low numbers of 
Salmonella will result in clinical symptoms of disease. 
Outbreaks due to hamburgers and via pasteurized milk, both contaminated 
with Salmonella newport were also reported to be caused by less than 10 
cells per gram or per ml (301). It is possible, however, but not yet 
proven, that the virulence of salmonellae depends on the composition of the 
food or product in which survival or growth has taken place. 
The infecting dose of given salmonellae also depends greatly on the carrier 
in which the bacteria are contained, particularly water versus solid 
products. Because of the short retention time of water in the stomach no 
bactericidal effect of the gastric juice occurs (231). The same applies to 
other commodities taken on an empty stomach (231). 
1.3. Salmonella and poultry 
The good sanitary conditions during the hatching of eggs and the hatching 
process itself guarantee a very low percentage of contaminated day-old 
chicks. On delivery to the rearing farms these Salmonella-free day-old 
chicks will invariably be exposed to environments allowing Salmonella and 
other pathogenic microorganisms to invade the population. 
As salmonellae can survive in litter, dust, water and manure for weeks or 
even months, on the farms conditions exist allowing the newly arrived chicks 
to become infected. 
During the rearing period the broiler flocks can be contaminated by water, 
feed, dust, birds, rodents, flies and other insects. 
Man, animals from the intensive animal breeding industry other than poultry 
and domestic animals being carriers of salmonellae are also important for 
the spread of these microorganisms by the environment (16,106,205). 
Measures which can be taken to control Salmonella in broiler flocks are : 
a. effective hygienic control in breeding and hatching centres to prevent 
flocks from becoming contaminated with Salmonella; 
b. effective cleaning and disinfection of the broiler houses before and 
after the rearing of new flocks; 
c. optimal conditions during the rearing of broilers; 
d. effective control and monitoring of the absence of salmonellae in the 
water and feed administered to broilers. 
Measures to be taken in a relatively small area of the intensive animal 
breeding industry and its environment alone will never be successful, since 
the total contamination of this environment is influenced by many factors 
to which no specific measures are applicable. 
1.3.1. Incidence of Salmonella infection in broiler flocks 
Over the years salmonellae have regularly been isolated from poultry and 
poultry products. Many data on this subject can be found in literature 
(21,41,136,244,247,269,270,363,391,406). These data are not consistent with 
respect to the percentage of broilers contaminated with Salmonella. 
Literature on the Salmonella contamination of broilers can be divided into 
two groups. 
One group deals with Salmonella isolations from live, dead or sick birds, 
in which mainly the economic consequences of the disease are studied. 
Serotypes involved are bareilly, gallinarum-pullorum, infantis and 
typhimurium. The other group of publications deals with Salmonella 
isolations from eviscerated, ready-to-cook broiler carcasses, which have 
economic relevance too, but deal more specifically with the consequences 
for public health. The salmonellae which are reported by this group are 
mainly present in the broiler flocks without causing disease symptoms. The 
broilers are healthy carriers of these bacteria; over 20 serotypes were 
found in one flock (1). 
The contamination rate wi th in c l i n i c a l l y healthy b ro i le r f locks varied in a 
given f lock from 0.5 to 14.8% (108). Some investigators could not recover 
any salmonellae from certain f locks, whereas other f locks proved to be very 
highly contaminated (90,149,242,330,371). An invest igat ion among 46 f locks 
of bro i lers covering in a l l approx. 600,000 broi lers showed 19 posi t ive 
f locks (242). An invest igat ion of l i ve rs and samples from the in tes t ina l 
t rac t of 31 f locks ( to ta l 519 samples) yielded 1.16% posi t ive samples ; the 
same investigations on 811 samples of 28 bro i le r f locks resulted in 2.59% 
samples posi t ive for Salmonella (299). 
In The Netherlands in 1963-1964 7.3% of 1530 samples from the caeca of 
bro i lers were found Salmonella-posit ive. The same invest igat ion in 1970 
showed 11% of 960 samples posi t ive (362,363). A German invest igat ion (39) 
during the years 1956-1958 found 14.8% of 317 samples posi t ive for 
salmonellae. In 64.5% of the posit ive bro i lers symptoms of salmonellosis 
were also diagnosed. 
Another German study (304) in 1960-1962 resulted in 47.2% out of 2925 
bro i le rs being Salmonella-positive. The serotype isolated from 80% of the 
posi t ive bro i lers was Salmonella gallinarum-pullorum. A l l bro i lers infected 
with th is serotype showed symptoms of salmonellosis. These results can not 
be translated in to Dutch circumstances as the disease due to Salmonella 
g a l l i narum-pul1orum is eradicated from the b ro i le r f locks. 
In Canada during the period 1949-1966, 5.9% of 23,000 dead or sick bro i lers 
examined were Salmonella-posit ive. Isolat ions of the serotype 
gallinarum-pullorum were omitted from the recordings (41). In Denmark (205) 
in the early s ix t ies salmonellae were regularly isolated in 1 or 2% from 
i l l b ro i le rs . The serotype causing the disease was Salmonella typhimurium. 
20-30% of a l l dead animals had died from salmonellosis caused by Salmonella 
typhimurium (199). The morta l i ty of salmonellosis in bro i lers and turkeys 
i s indicated as 1.9-4.1% (224). This percentage found in a population of 
about one mi l l ion bro i lers depends on the serotypes involved. In Finland in 
1975-1976 the morta l i ty of Salmonella in fan t i s infect ions in bro i lers was 
3-6% (406). An exception should be made for the morta l i ty caused by 
infect ions with Salmonella gallinarum and Salmonella pullorum, which 
serotypes yielded a morta l i ty of 25.4% for bro i lers and 62.5% for turkeys. 
For two reasons the data are somewhat confusing. F i r s t l y because of the 
fact that during the f i r s t two weeks of the rearing period, there is always 
a high percentage of dead bro i lers and these bro i lers are not rout inely 
examined for the presence of Salmonella. 
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This is rather strange since salmonellosis is a typical juvenile disease. 
Secondly data can not always be compared because of the enormous 
differences in microbiological culturing methods used during the last 
twenty years in all parts of the world. 
1.3.2. Salmonella in slaughtered broilers 
During the slaughtering procedure the percentage of Salmonella contaminated 
carcasses increases. The main cause for this phenomenon is the faecal 
contamination of the carcasses during the various slaughtering stages. 
Table 1. Salmonella isolations from 
Netherlands 
Material investigated 
skin, neck, breast 
thaw water 










































Investigations with artificially marked broilers showed that the external 
contamination of the feet and feathers of broilers plays a very important 
role in the spread of bacteria over the carcasses (245). 
In literature it is stated that Salmonella does not belong to the normal 
microflora of the avian or animal intestinal tract. Nowadays, however, it 
seems that Salmonella has become a normal inhabitant of the intestinal 
tract of many animals (31). 
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In the tables 1 , 2 and 3 data on Salmonella isolat ions from poultry 
carcasses reported in The Netherlands and neighbouring countries and the 
USA have been summarized. These data show that Salmonella is widely 
d is t r ibuted in bro i lers in many countr ies. 
In comparing the data col lected in the tables notice should be taken of the 
fact that d i f fe rent iso la t ion methods were used in the studies referred to . 
1.4. Human salmonellosis associated with poultry 
In The Netherlands hardly any information exists on the to ta l number of 
cases of human salmonellosis caused by or associated with the consumption 
of poultry and poultry products. According to the yearbook of the Medical 
Inspection Service (22) one epidemic in 1975 was due to the consumption of 
meat. In future better data on th is subject can be expected as the 
epidemiological know-how and the man-power employed has increased during 
the las t years. To demonstrate the role of poultry in human salmonellosis 
we have to look for data in foreign l i t e r a t u r e . Differences in food habits, 
food preparation and food consumption do not allow extrapolation with 
regard to data in a speci f ic country. 
During the period 1934-1947 about 12,000 isolat ions from epidemics of 
Salmonella food infect ion in the USA were examined, from which 53.5% were 
o r ig ina l l y isolated from poultry and poultry products involved (107). In 
1945 (88) 20% of 232 epidemics in the USA were caused by poul t ry. From 
1953-1958 30% of the food infect ion outbreaks were caused by or associated 
with poultry and poultry products (373). I t was only once that the 
consumption of poultry meat was e x p l i c i t l y established as the cause of the 
c l i n i ca l symptoms. 
In the period 1960-1974 there were two epidemics of Salmonella food 
in fect ion in the USA which had been caused by poultry (57,211). 
According to American data 15 outbreaks of salmonellosis in the period 
1972-1974 could be traced to poultry or poultry products (156). The period 
1968-1977 showed in to ta l 70 outbreaks : the to ta l for meat and poultry was 
157 (58). 
In England and Wales (153) 10 epidemics of salmonellosis from 1959 to 1970 
were caused by poultry ( i n c l . turkeys) or poultry products. From 1964-1968 
46.8% of the outbreaks were probably caused by the consumption of poultry 
products. In 1968 15 outbreaks in a tota l of 24 caused by a l l meat products 
together, were caused by poultry (368). 
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Table 2. Salmonella isolations from dressed broilers in some EEC countries 













abdominal cavity, swab 
skin, meat, organs 








































Table 3. Salmonella isolations from dressed broilers in the USA 
Material investigated Number of samples Percentage of Salmonella Reference 
abdominal cavity, swab 
skin, breast, swab 
abdominal cavity, swab 
skin, swab 
skin, swab 
abdominal cavity, swab 
skin, swab 
abdominal cavity, swab 
skin, swab 
skin, swab 
skin + abdominal cavity, 
swab 
skin, swab 













































In another study in England it was shown (191) that from 1966-1970 36.9$ of 
the epidemics were caused by poultry. In 1968-1970 the total of 47 
epidemics can be divided into : 31 caused by broilers and 16 by turkeys. A 
third English study compiled all cases of salmonellosis from 1941-1972 
(210). From 1955-1956, poultry was involved in 3% of all cases which could 
be traced to meat products; from 1956-1963 this percentage was 14%, from 
1964-1968 45% and from 1969-1972 60%. 
Data (369) on the period 1973-1975 show that poultry in England and Wales 
was involved in Salmonella food infection in 49 (64.6%) out of a total of 
76 cases for all meat products together. A summary of the data from Canada, 
England, Wales and the United States from 1966-1976 (349) showed that in 
17% out of a total of 12,315 outbreaks poultry was the identified vehicle. 
In Western - Germany (270) poultry was involved in 3 out of a total of 30 
and 48 cases in 1973 and in 1974 respectively. In 1975 no salmonellosis 
associated with poultry was reported (24). 
In several countries as well as in The Netherlands, the risk of becoming 
infected with salmonellae originating from foods of animal origin is 
determined by (413): 
a. the total consumption per capita of foods such as poultry and red meats; 
b. the way of preparation, including consumption of raw and uncooked foods 
and the kitchen hygiene; 
c. the level of contamination with salmonellae of these foods; 
d. the physiological condition of the consumer. 
Since the level of contamination of pork and poultry are the highest 
(134,173,357) these types of meat will be the most important ones in the 
spread of Salmonella. 
1.4.1. The role of broilers as infection source 
Human infection with salmonellae often occurs after the consumption of raw 
and insufficiently heated contaminated meat (374,379). As poultry meat is 
not eaten raw, but is invariably consumed in a cooked or grilled state, the 
role of poultry in the mechanism of dissemination of salmonellae has to be 
a different one. The thaw water released from the frozen carcasses during 
thawing could be the most important factor. During the preparation of a 
meal this thaw water can contaminate the cooked products, but also other 
foods and vegetables which are consumed without further heating (362). 
This has been demonstrated in a study in which artificially infected 
carcasses (Escherichia coli K12) were prepared (89). 
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However, poultry products which have not been frozen, but were kept at 
refrigeration temperatures, must not be excluded. These products also 
release "thaw"water which has been picked up during processing. 
In Western - Germany in 1974 one out of the three cases of salmonellosis in 
which poultry was involved, was associated with poultry which had been kept 
at refrigeration temperatures (270). Another possibility in the spread of 
salmonellae would be contact infection (303). These contact infections can 
occur in case cooked carcasses get in contact with surfaces on which 
raw Salmonella contaminated carcasses have been prepared for the meal. 
The number of thus transmitted Salmonella-cells will be low and therefore 
growth must take place during storage of the contaminated product involved, 
before clinical syndromes will occur. 
1.5. Control of salmonellae in poultry 
Figure 1 illustrates the environmental cycle of Salmonella contamination. 
The figure shows the difficulties which can be met in controlling these 
bacteria. 
Figure 1. Salmonella contamination cycles (396) 











The poultry production chain star ts with poultry breeding and ends with 
poultry processing. The control of Salmonella-infection in the d i f fe ren t 
components of the poultry industry is therefore very complex. In primary 
breeding re la t i ve ly small numbers of selected birds are mul t ip l ied to form 
the grandparent stock. 
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From this stock the parent stock is produced and then this stock is further 
multiplied to rear large numbers of broiler chickens. 
Throughout the production chain there is an increase in "infection -
pressure" (cf. Section 1.1.) on the live stock, being kept in increasingly 
larger numbers at higher stocking densities. 
Among the sources of infection with Salmonella the feed is very important, 
since it affects all parts of the production chain. Therefore an extended 
review of the literature is given at this point. 
The first isolations of salmonellae from animal feed were reported shortly 
after the second World War. Many investigations have shown that Salmonella-
positive feed have led to Salmonella-positive flocks of broilers and 
turkeys or other animal herds (14,42,46,47,64,122,143,174,176,178,251,256, 
295,316,321,337,384,389). These results can be influenced by the addition 
of certain antibiotics to the feed, which reduces (127,169,190,317) or 
favours (27) the shedding of salmonellae and thus the percentages of 
positive carcasses after slaughtering. 
Feed components of animal and vegetable origin and mixed feed were examined 
for the presence of salmonellae (2,11,12,14,42,43,86,152,164,174,176,221, 
223,251,273,279,295,298,319,337,373,375,378,385,386,389,393,395). All 
animal feed, mainly of tropical or sub-tropical origin are considered to be 
the source of Salmonella contamination. In The Netherlands 12.5% of all 
imported feed or feed components of animal origin were demonstrated to be 
contaminated in 1961, whereas 0.5% of the imported fish meal was 
Salmonella-positive (171,354). Another investigator showed (168) that 26% 
of the lots of imported fish meal were contaminated. According to the 
Animal Feed Commodity Board (18,19) 13% and 18% of the samples taken in 
1973 and in 1974 from packed imported feed ingredients of animal origin 
were Salmonella-positive. As the role of feed in the dissemination of 
salmonellae is considered to be very important, many methods of feed 
decontamination have been suggested.The following processes of 
decontamination can be applied : 
a. heating and pelleting; 
b. treatment with chemicals; 
c. treatment with ionizing radiation. 
Many data can be found in literature on the decontamination effect of the 
heating and pelleting of feed, with respect to Enterobacter!aceae and 
salmonellae (e.g. 81,175,179,202,223,230,240,281,287,328,355,396). 
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In the pelleting process moisture is used for conditioning the meal. The 
temperature of the meal entering the pelleting process should be between 80 
and 90 °C, for at least one minute, before passing into a cooler unit in 
another part of the feed mill. 
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The decontamination effect of the addition of chemicals like Endgerm , 
formic acid, propionic acid, iso-propylalcohol, phosphoric acid, lysozyme 
and formaldehyde has also been studied (94,287,336,381). 
The effect of ionizing radiation on salmonellae and other 
Enterobacteriaceae in feed has in particular been studied intensively (81, 
113,228,240,290,355). 
In commercial practice the only acceptable process of removing salmonellae 
is the heating and pelleting of feed. The effect of heating and pelleting 
of feed in experiments with pigs has been thoroughly studied. Much less 
information is available on the influence of pelleted feed on salmonellae 
in poultry. However, it can be assumed that the results with pigs are also 
valid as far as rearing and growing of broilers is concerned (81,101,102, 
103,104,106,172,174). For pigs it was shown very clearly that heat-treated, 
pelleted feed decreased the number of Salmonella contaminated carcasses 
without influencing feed conversion (81,102,104, 106). In a Dutch study on 
the dissemination of salmonellae within a closed broiler integration (371) 
an important role was attributed to pelleted feed in this respect. However, 
the data presented (7 positive feed samples in a total of 694 during a four 
year period) did not support this conclusion. 
For broilers it was shown (72) that the pelleting of feed has a positive 
effect on feed conversion. 
The annual report of the Animal Feed Commodity Board (19) shows that less 
than 50% of the feed producers use an installation for pelleting feed. This 
means that in practice a considerable part of the broilers are raised on 
feed that might be Salmonel1a-contami nated. 
In a Salmonella-control programme it is essential that all primary breeding 
stocks are fed on heat treated pelleted feed. After pelleting and cooling 
are completed it is most important to prevent recontamination of the feed 
from outside foci of infection. 
Day-old chicks are another Salmonella-infection source. The incidence of 
chicks contaminated with salmonellae in The Netherlands, over a period of 3 
weeks (60% of the total Dutch production was sampled), was 2.2% (396). In 
total 1256 specimens were examined. 
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As the percentage of Salmonella - positive chicks appears to be low the 
production of Salmonella-free starting material will not present 
insuperable difficulties, provided good sanitary conditions are maintained 
during the production of hatching eggs and during hatching and incubation. 
Feed and day-old chicks are not the only sources of Salmonella-infection. A 
case study of the situation in a broiler house during the whole rearing 
period (1) showed amongst others that important sources of contamination 
with salmonellae were: feed, water, supplied air and dust. In the "project 
Walcheren" in The Netherlands evidence was found of several other factors 
in Salmonella-cycles in this instance in the dissemination in pigs (99). 
It is clear that measures aiming to prevent a Salmonella-infection should 
be taken at the start of the production chain. It should be remembered that 
only a relatively small number of carrier birds during rearing are 
required to result in cross-contamination during the slaughtering process. 
Even the most hygienic slaughtering process can not change a Salmonella -
positive flock into a Salmonella-negati ve one. 
During the slaughtering process some measures can be taken at critical 
points to prevent further contamination of the carcasses. During scalding, 
defeathering, evisceration and cooling the maintenance of hygienic and 
mandatory process conditions can lead to an end product, in which the 
percentage of carcasses contaminated with Salmonella has not been 
increased. 
A decontamination treatment of the end product should only be promoted in 
case measures to be taken at the start of the production chain fail, or 
when these measures are not successful because of a higher infection 
pressure from other foci. 
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CHAPTER 2 
2. THE EFFECT OF IONIZING RADIATION ON 
BACTERIA 
2.1. Radiation sensitivity of bacteria in liquid and on solid culture media 
When cells are exposed to stress conditions, such as heat-treatment (160, 
297), freezing (204,329), freeze-drying (314,315), aerosolized conditions 
(377), contact with disinfectants (148) firstly sublethal and only 
subsequently irreversible ("lethal") lesions will occur. 
Similar effects result from exposure to ionizing radiation. As a result of 
irradiation, molecules in bacterial cells are ionized and activated. The 
absorption of radiation energy and the formation of radicals are fast 
processes. These are followed by slower ones in which biochemical processes 
ultimately cause death of the cell or at least arrest of cell division. 
These two processes have the same effect in actual practice, because the 
demonstration of the presence of living microbial cells depends on the 
ability to divide (326). 
It is assumed that damage of cells, caused by irradiation is a result of 
changes in DNA molecules. Experiments have shown that ionizing radiation 
causes changes in dissolved DNA (380); in the presence of oxygen, 
hydroperoxides can be formed from DNA, but also from compounds present in 
biological materials, like RNA, pyrimidine bases, amino acids, peptides and 
steroids. 
The sensitivity of different bacteria (spores and vegetative cells) to 
irradiation differs greatly (114,342,382), while the sensitivity of a given 
bacterial strain also varies depending on intrinsic and extrinsic factors. 
As DNA is the main target in the bacterial cell, sensitivity towards 
ionizing radiation will be determined by attributes of DNA. Ionizing 
radiation causes single and double strand breaks in DNA. There is a 
possibility of repair, the so-called dark-repair mechanism. The differences 
in sensitivity to ionizing radiation among bacteria can not be explained in 
this way (226). In the following paragraphs the effects of some external 
factors influencing the sensitivity of bacteria to ionizing radiation, 
which are much better understood will be discussed. 
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Since these are expressed in the so-called survivor-curves, that w i l l be 
introduced f i r s t . 
The survivor curve. 
The survivor curve presents the re la t ion between the radiat ion dose 
(kGy) and the numbers of surviving colony forming units (c fu ) . There 
are three d i f fe rent types of survivor curves ( f igure 2; 137,310). 
These are : the exponential, the sigmoid and the complex survivor curve, 
the l a t t e r consisting of two exponential curves. The survivor curve is 
cal led exponential or l inear when a s t ra ight l i ne is obtained in a 
semi-logarithmic log N vs dose-plot, used for th is purpose in actual 
pract ice. Radiation sensit ive microorganisms mostly show such l inear 
curves. In that case the radiat ion sens i t i v i t y can be expressed in a 
so-called D,Q-value. The D e v a l u e is the dose (kGy) required to achieve a 
reduction in i n i t i a l colony count from N- to 0.1 N . 
The curves of type B in f igure 2 , i . e . with a shoulder at the beginning, are 
most common in pract ice. They can be described by the fol lowing equation : 
surviving fraction N/NQ = 1 - ( 1- e"kN ) n 
N = number of cells that survive a certain dose 
NQ= the initial number of cells 
k = constant, in which the death rate of the cells is incorporated 
n = an extrapolation number, used to give the line a linear character 
temperature ^ ^^-physiological age 
j^D,„-value ejf''^  oxygen partial pressure 
water content ^"-""---radiation media 
Figure 3. Factors which effect D,„-values. 
Bacteria showing the phenomenon of a shoulder in their survivor curves, 
possess more than one vital target per cell, while all targets should be 





b Dose (kGy) 
Figure 2. Types of survivor curves for radiated bacteria. The D^-values 









0.25 0.50 0.75 1.00 Dose (kGy) 
Figure 4. Survival of Escherichia coli B/r irradiated in the presence of 
various concentrations of oxygen (in pure ^ ) : high intensity 
electron dose delivered in single pulses of 30 nsec (112). 
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Sometimes a so-called t a i l i n g ef fect of the survivor curves is observed 
( f igure 2-C). I t i s much less easy to incorporate a t a i l in the mathematics 
of survival than i t is to include a shoulder. 
Various factors influence the shape of survivor curves ( f igure 3 ) . 
When Escherichia co l i c fu 's were i r radiated in buffer solution and the 
surviving c fu 's were enumerated on a synthetic culture medium, a l inear 
survivor curve was found (69). In case the surviving ce l ls were grown and 
enumerated in peptone broth and agar, a complex survivor curve, composed of 
two l inear curves was obtained. 
Linear curves for Escherichia co l i were also reported af ter i r r ad i t i on in 
buffer solution and in nutr ient broth to which yeast extract was added 
(115). However, in Har tse l l ' s broth the survivor curve of Escherichia co l i 
showed a shoulder ( f igure 2, 95). 
Survivor curves for salmonellae upon radiat ion treatment have also been 
described in l i t e r a t u r e . Some serotypes show l inear survivor curves in 
buffer, Har tse l l ' s broth and in d i f fe rent foods (95,194). When salmonellae 
were i r radiated in Brain Heart Infusion broth curves with a shoulder were 
obtained (277). 
In complex media a tailing effect is often observed (figure 2-C). This 
phenomenon can be caused by all kinds of environmental factors. In each 
case a given higher radiation dose exerts a smaller lethal effect than a 
lower dose (95,353). 
In summary, the shape of a survivor curve is strongly determined by the 
medium in which the cells were irradiated, in combination with the medium 
in which the cells were pre-grown and the medium in which the cells are 
recovered after irradiation. It may well be that all curves possess a 
shoulder and a tail, but that these are often too small to be observed or 
concealed by the use of particular techniques. 
The sensitivity of bacteria to ionizing radiation is often compared on the 
basis of D,„-values. To accommodate non-linear survivor curves, the 
so-called most probable effective dose to achieve n log cycles reduction 
(MPED)n has been introduced (230). For all practical purposes the MPED is 
the dose of irradiation that, at a given level of initial contamination, 
reduces the final cfu count to a non-detectable level, i.e. no more than 
1 2 10 - 10 cfu's per gram of product. 
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Influence of the" physiological age". 
Vegetative cells differ in sensitivity depending on the phase of growth. 
Immediately after cell division has taken place, the cells become more 
sensitive to ionizing radiation than before or after completion of cell 
division. During the logarithmic phase of growth Escherichia coli B/r cells 
proved more sensitive than cells from a lag phase culture (324). 
Cells were most sensitive at the end of the logarithmic phase of growth, 
whereas, during the stationary phase of growth the sensitivity decreased, 
though not reaching the value of the lag-phase. 
Other authors also described the fact that logarithmic phase cells showed 
maximal sensitivity to ionizing radiation (150,322). An explanation for 
increased resistance to irradiation during the lag-phase could be the 
following. During the lag-phase a high enzyme activity prevails (392). This 
causes a low oxygen concentration in the cells. As cells are more resistant 
under anaerobic radiation conditions (vide infra), this could explain their 
increased resistance (392). 
The oxygen effect. 
The presence of oxygen during the radiation treatment increases the lethal 
effect on bacteria (112,120,151,154,157,207,324,342). Under completely 
anaerobic conditions the D,Q-values of some vegetative bacteria increase 
with a factor 2.5 to 4.7 (342), in comparison with aerobic conditions. 
Figure 4 shows the effect of different oxygen concentrations on the 
survival of Escherichia coli B/r (112). The oxygen concentration during the 
radiation treatment will influence the sensitivity and is therefore to be 
taken into account in case D,„-values of bacteria to ionizing radiation are 
compared. 
The tailing effect as seen in the survivor curve type C in figure 2 could 
be caused by the generation of an anaerobic environment during the 
radiation treatment. Another explanation may be the influence exerted by 
the complex culture media in which the radiation treatments were performed. 
In literature some evidence is also given for the fact that the chemical 
nature of radiation damage depends on the presence or absence of oxygen. 
Repair from damage incurred under anaerobic conditions proceeds at a higher 
rate (52,226). 
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Influence of the medium wherein irradiation is carried out. 
As indicated before, cells can be sublethally damaged by ionizing radiation 
(4,60,73,147,151,208). A very complex interaction between cell damage and 
cell repair exists and this markedly affects the results of recovery 
experiments (54,73). It is known that cells of certain strains of 
Escherichia coli can not repair double strand DNA breaks, whereas other 
microorganisms can (44). 
It will therefore be evident that in case cells after irradiation are 
brought into an environment that favours repair, more surviving cells will 
be found than when cells are brought into a less favourable environment. 
The temperature during the radiation treatment and the composition of the 
medium in which the cells are irradiated influence the sensitivity to 
ionizing radiation. 
The influence of the medium is connected with the composition of the medium 
used for pre-growing the cells. The highest sensitivity of bacteria is 
found when cells are suspended in a buffer solution before irradiation. The 
medium in which surviving cells are cultured after the treatment also 
influences sensitivity. In rich media cells appear less sensitive than in 
minimal, chemically defined media (5,92,114,151,188,195,276,346). 
This effect is attributed to the presence of protective agents in the 
former. These agents are mainly those with a sulphydryl group (for example 
cysteine) (51,93) and compounds with a related chemical structure (271). 
The effective action of these compounds during the radiation treatment lies 
in scavenging free radicals produced by primary radiolysis of intracellular 
water, or by reacting with free radical centres on vital cell 
macromolecules. 
Components, which sensitize bacteria to ionizing radiation are also known. 
These include some derivatives of naphtalene (252), N-ethylmaleimide (50), 
iodoacetamide (87), iodoacetic acid, phenylmercuric acetate (50), 
methylglyoxal and compounds with carbonyl groups (38). The effective action 
of these substances lies in their capacity to activate oxygen when 
irradiated. Cells pre-grown in a "poor" culture medium repair more easily 
after irradiation in a simple medium than those pre-grown in a rich culture 
medium. The former possess a great many different enzymes for synthetic 
reactions. The latter do not possess these enzymes. So, when cells after 
irradiation are inoculated in a poor culture medium these enzymes have 
first to be synthesized. This illustrates the differences between adaptive 
and constitutive enzymes. 
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The possibility for enzyme synthesis, however, is more or less impaired by 
radiation treatment. 
Cells pre-grown in a rich culture medium therefore need for their repair a 
rich culture medium after irradiation (69,325). 
In literature (69,325) a chemically defined culture medium is described in 
which repair of damaged cells was favoured by stimulating enzyme synthesis. 
Although the stimulation of enzyme synthesis is the condition for repair of 
damaged cells (325) there is also some evidence indicating that inhibition 
of enzyme synthesis stimulates repair (118). 
By using selective media, for example the media used for the detection and 
enumeration of salmonellae and other Enterobacteriaceae, containing bile 
salts, repair of damaged cells is in general inhibited (73,199,346). The 
evidence for radiation induced, sublethal damage in Enterobacteriaceae is 
controversial. Consequently in actual practice the importance of a 
selective medium effect should not be overrated. 
Temperature. 
Salmonellae are destroyed faster when the radiation treatment is carried 
out at sublethal temperatures of 45-55°C (198). At reduced temperatures 
(particularly below freezing) bacteria are less sensitive to ionizing 
radiation (53,114,120,128,195,198,207). When cells are irradiated in frozen 
condition, there is an increase in decimal reduction (D J value, because of 
the protection afforded by the frozen water layer, markedly reducing the 
formation of free radicals (8,207,302). For the repair and growth of 
damaged cells a rich culture medium and a suboptimal incubation temperature 
have been found favourable (5,155,160,285,313,323,324,325). Other 
investigators (4) could not demonstrate this effect, but this may have been 
due to the small temperature range investigated. 
Bacteria which suffer from metabolic damage caused by radiation treatment 
need a sub-optimal incubation temperature (3); bacteria with a more or less 
damaged mechanism of cell division require a poor culture medium and a 
normal or higher temperature during incubation (3). 
Water content. 
Water is the largest single constituent of bacteria and it is not 
surprising that it exerts a profound influence on radiation sensitivity. 
The effect is complex and involves interaction with oxygen. 
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Free radicals from in t ra -ce l l u l a r water are mediators of radiat ion damage, 
so dehydration of the cel l might be expected to increase i t s radiat ion 
resistance. 
The radiat ion sens i t i v i t y of microorganisms decreases indeed at a lower 
water -act iv i ty (128,353). Hardly any data are available to demonstrate the 
ef fect of d i f fe rent aw-values on radiat ion sens i t i v i t y of vegetative ce l ls 
(158). Bacteria are most resistant when i r radiated in dry condition 
(63,110). 
Temperature plays an important ro le , too. At freezing temperatures when the 
amount of available water is markedly reduced the radiat ion resistance 
increases (128). 
2.2. Relative radiation resistance of bacteria. 
Bacterial cells of varying taxonomie position differ in their relative 
sensitivity to ionizing radiation (55,186,187,266,342,392). From the 
reported survival data it can be seen that the range of resistance is very 
large. The highest resistance values in vegetative microorganisms are found 
in cells of Micrococcus radiodurans (6,92,93). In general the most 
sensitive species are Gram-negative rods. Examples are the genera 
Aeromonas, Bacteroides, Proteus, Pseudomonas, Serratia and Vibrio. Higher 
D.n-values are found for the genera Escherichia, Salmonella and Shigella. 
The more resistant organisms among the Gram-negative genera are members of 
the psychrotrophic Aci netobacter-Moraxel1 a group. The Gram-positive 
vegetative microorganisms represent a more diverse spectrum with respect to 
variations in radiation resistance. Some are relatively sensitive, others 
more resistant, e.g. Micrococcus radiodurans (84,225), Streptococcus 
faecium and Clostridium botulinum (table 4). Within the family of 
Enterobacteriaceae there are differences in radiation sensitivity. The 
differences between Escherichia coli and Salmonella are important, since 
the former organisms are often used as index organisms for salmonellae. 
Some Salmonella serotypes were demonstrated to be more resistant than 
Escherichia coli (114). Other investigators (95) found Escherichia coli 
more resistant than the Salmonella serotypes they investigated. As the 
reported data were not determined under essentially identical conditions, 
the different influence of environmental factors can explain the above 
mentioned discrepancies. Variation in sensitivity within the genus 
Salmonella is described in literature (199,204,276,346) (see also table 4). 
However, when strains of Salmonella anatum, Salmonella heidelberg, 
Salmonella newport, Salmonella thompson and Salmonella typhimurium were 
irradiated in tryptone soya yeast extract broth and subsequently plated on 
non-selective agar media, no essential differences in D,„-values were found 
(199). Different strains of the same serotype may also differ in 
sensitivity (277,353). It is necessary to realize that the differences in 
sensitivity of certain serotypes can be a result of the differences in 
sensitivity of the used strains themselves. 
Devalues of microorganisms can be found in abundance in literature. It is 
understandable that most data are related to microorganisms which are of 
importance to food microbiology. So the majority of data are related to 
Salmonella and Clostridium botulinum. Table 4 lists D^-values of some 
Gram-negative and Gram-positive microorganisms. The conditions of 
irradiation were not always identical. Nevertheless the data presented give 
an idea of the D,„-values one can encounter in actual practice. 
2.3. Elimination of salmonellae from poultry carcasses by ionizing 
radiation 
The initial contamination of broilers with salmonellae is not removed by 
the slaughtering procedure. On the contrary, due to cross-contamination 
during the slaughtering procedure carcasses can become more severely 
contaminated with Salmonella. The end product, kept at refrigeration or at 
freezing temperatures, will remain contaminated. 
The major part of the Dutch broiler production is sold as frozen products. 
It has been shown that salmonellae can survive a storage period at low 
temperatures (111). Poultry products which are kept at refrigeration 
temperatures are also frequently found contamined with these bacteria 
(41,136,205,244,247,269,270,363). 
By applying a radiation treatment to poultry carcasses, which are kept in 
refrigerated or frozen condition, a considerable reduction of the number of 
contaminated carcasses can be achieved. A dose of 6.00 kGy was found quite 
effective in this respect (237), but minor changes in odour, colour and 
flavour of the product were observed. These side effects could be 
eliminated by performing the radiation treatment when the products were 
frozen (49,67,140,383). Because of the absence of oxygen during radiation 
treatment of frozen products radical formation is inhibited or at least 
delayed. So no reactions causing the above mentioned unwanted changes of 
the product occur. 
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PB = Phosphate Buffer; NB= Nutr ient Broth; BHI= Brain Heart Infusion broth; 
NS = Not Stated 
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However, higher radiation doses are required to achieve the same lethal 
effect than when the radiation treatment is performed at room temperature. 
Higher doses are needed because of the protection against ionizing 
radiation provided by the frozen water layer in the product (207). 
Sensitivity to irradiation of bacteria and especially of salmonellae is 
less when the treatment is performed under anaerobic conditions (207). 
In the irradiation of frozen carcasses anaerobic conditions prevail 
immediately after starting the treatment. 
The difference in the resistance of microorganisms to ionizing radiation 
under anaerobic and aerobic conditions can be expressed in the ratio of the 
DjQ-values under these conditions. Sensitive bacteria have a high value, 
for example a Pseudomonas species : 8.5; less sensitive microorganisms like 
Streptococcus faecal is possess a low value : 2.5. So the same lethal effect 
under anaerobic conditions can be achieved by increasing the dose approx. 2 
to 10 times (207). 
The composition of a food also influences radiat ion resistance. The 
presence of proteins and polysaccharides may provide protect ion (13). This 
may be the explanation for the higher D -values of pure cultures in foods 
than those obtained in buffer solution (table 4 ) . Compared with those for 
egg products, there are not too many data on the influence of ioniz ing 
radiat ion on Salmonella in poultry products. Table 5 l i s t s the D-^-values 
of salmonellae i r rad ia ted in poultry meat and poultry skin (161,199,200, 
276). In table 6 D e v a l u e s of some Salmonella serotypes in other foods are 
l i s t e d . 
American and Canadian investigators (30,200) estimated that a f ter 
i r rad ia t ion with a dose of 3,00 kGy only 1 in 80,000 carcasses would be 
contaminated with Salmonella, when 25% of the broi lers were contaminated 
and maximal 5 Salmonella-cells were present on a carcass. A quant i tat ive 
invest igat ion in The Netherlands showed that on an average less than 100 
p 
ce l l s (colony forming units = cfu) per 1000 cm of skin or per 500 ml of 
thaw water were present (246,260). Similar results were obtained la te r in a 
German study (306). From the D e v a l u e s of some salmonellae and the 
percentage of b ro i l e r carcasses which are Salmonel1a-contaminated figures 
s imi lar to those arr ived at in the Canadian study can be derived for Dutch 
circumstances. Therefore, in th is thesis experiments are described on the 
ef fects of ioniz ing radiat ion on salmonellae on natural ly and a r t i f i c i a l l y 
contaminated carcasses. The results of these experiments allow to estimate 
the radiat ion dose needed to guarantee Salmone11a-"free" poultry products. 
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Table 5. Dip-values (kGy) of Salmonella in poultry meat or skin 
Serotype 
ana tum 
e n t e r i t i d i s 
give 
heidelberg 
hei del berg 
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2.4. Influence of ionizing radiation on shelf life of poultry carcasses 
When using radiation doses of 20 to 50 kGy it is possible to sterilize 
poultry carcasses (82), but this is accompanied by severe changes in 
quality characteristics such as odour, colour and flavour. More attention 
has therefore been paid to radurization (139) of carcasses by ionizing 
radiations. This is defined as the use of low doses of ionizing radiation 
with the aim to reduce the bacterial contamination in such an extent that 
shelf life, is increased considerably, without affecting the sensoric 
properties of the product. 
Table 6. Dm-values (kGy) of Salmonella in different food products 
Serotype Substrate Temperature 
°C '10 
Reference 
bare i l l y 
block! ey 
canada 
en ten ' t i dis 

























































































































































Gaseous atmosphere: air 
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Refrigerated poultry products are generally stored and distributed at a 
temperature of +2°C to +4 °C. Depending of the mode of packaging the 
carcasses are packed individually or in bulk. 
Shelf life of poultry products which are kept at refrigeration 
temperatures is determined by the initial bacterial load and by the storage 
temperature (109). In literature data on shelf life are given; 6 days at +4 
°C, 8 days at +1°C and 10 days at -0°C, are mentioned (33,109,170). Criteria 
for shelf life are the development of off-odour or slime formation and 
discolouration. Total colony counts of the products at spoilage range from 
10 6 <- 108 per cm2 (108,162). 
An ionizing radiation treatment with doses up to 2.50 kGy is very suitable 
for application to poultry. The side-effects of this radiation treatment 
are low and these can be eliminated by irradiation under frozen condition. 
Literature on this point shows evidence for the development of a radiation 
odour in the raw product directly after the use of a radiation dose of 0.50 
kGy. The flavour of the product was affected after the application of a 
dose of 2.50 kGy (291). There is enough evidence that irradiation with 
doses above 2.50 kGy causes changes in quality characteristics such as 
odour, colour and flavour (65,126,170). However, by cooking or roasting of 
the meat, these defects can be eliminated (65,170,291). 
In general, when a dose of no more than 2.50 kGy is used, no changes can be 
perceived after cooking of the material involved; by doses up to 7.50 kGy 
the changes due to the use of ionizing radiation can also be diminished by 
applying drastically reduced temperatures (-18 °C) during the radiation 
treatment (67,140). 
Microbiological shelf life of poultry products which are kept at 
refrigeration temperatures can be increased considerably by radiation 
treatment. The application of ionizing radiation to retard spoilage of 
poultry kept at refrigeration temperatures and thus increase shelf life, 
has been studied intensively. The total bacterial load is decreased to such 
an extent, that together with the low storage temperature an extension of 
shelf life is obtained. 
Doses of 1.00 to 3.00 kGy appeared necessary to destroy the spoilage flora, 
consisting of bacteria like Acinetobacter, Flavobacterium and Pseudomonas 
(65,109,140,161,183,215,218,242,278,291). Sometimes higher doses are 
needed, depending on initial colony counts and the composition of the food 
or substrate from which the bacteria have to be eliminated (161,201,241, 
275,342). 
32 
In table 7 data from different literature sources are summarized. 


























































This table gives only data concerning the extension of shelf life by 
radiation treatment and storage temperature. For the sake of completeness 
the use of antibiotics together with irradiation and reduced storage 
temperature (65,66,182,267,345) and the addition of adrenalin, mixtures of 
salts and polyphosphates together with radiation treatment and storage 
temperature should be mentioned as possible methods to extend shelf life of 
poultry carcasses (10). 
The dose studied in this thesis to radicidate salmonellae (2.50 kGy) 
improves, as is shown in table 7, the shelf life of carcasses. When low 
doses of ionizing radiation are applied, the spoilage flora consisting of 
Acinetobacter, Flavobacterium, Pseudomonas and some other psychrotrophic 
Gram-negative and Gram-positive bacteria is reduced markedly (70,161,163, 
345). 
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After a radiation treatment with a dose of 2.50 kGy Lactobacillus, 
Moraxella, Streptococcus, but also Acinetobacter were isolated (345). 
Radiation treatment thus causes a completely changed spoilage pattern, the 
spoilage association now consisting of yeasts, micrococci and other coccoid 
cells (59,70,71,163). 
Yeasts become more important in this respect. After treatment with 5.00 kGy 
only isolates of yeasts and moulds were obtained (345). By applying 
ionizing radiation, which destroys a certain part of the natural 
microflora, it is possible that microorganisms will develop on the 
commodity, which have never been isolated from the same product before 
(61,70). The application of ionizing radiation might in that way present 
problems, because in theory, the possibility exists that, for example, 
pathogenic microorganisms will survive the treatment and, as a result of 
the absence of a competitive microflora develop freely. Examples are the 
isolation of a Moraxella and a Herellea vaginicola species (161), which had 
not previously been isolated. Although these are not pathogenic 
microorganisms, their occurrence indicates the potential risk of the use of 
ionizing radiation in this respect. 
Therefore it is very important to know how certain microorganisms and 
especially pathogenic microorganisms, respond to treatment by ionizing 




3. SCOPE OF THE INVESTIGATION 
First of all it was investigated which was the best Salmonella isolation 
method for refrigerated, frozen and radiated poultry. Most of the 
experimental work was carried out on the basis of the recommendations given 
in the ISO document 3565/1975 on the isolation of salmonellae from meat and 
meat products. This method was also compared with several other Salmonella 
isolation methods, using broiler carcasses which had been either 
refrigerated, frozen and irradiated or had been treated by a combination of 
these processes. 
In the first experiments skin samples of ducks and broilers as well as 
whole broiler carcasses were irradiated with a dose of 2.50 kGy. This 
radiation dose was chosen, because at that dose no organoleptical or 
toxicological changes could be detected in the products. The duck samples 
were examined because of the fact that, due to raising conditions for 
ducks, one may expect more salmonellae in these flocks than in broiler 
flocks. The samples were examined for the presence of salmonellae before 
and after treatment. Besides, the number of Enterobacteriaceae cfu was 
determined. The absence of these microorganisms is assumed to be an 
indication of good sanitary conditions. Traditionally, Escherichia coli has 
been the indicator microorganism for faecal contamination and therefore the 
index for pathogenic faecal organisms. The Enterobacteriaceae count 
indicates the presence of other, particularly also lactose negative 
pathogenic organisms and can therefore be used as group of index-organisms. 
Nowadays the term indicator organisms refers to those organisms 
demonstrating inadequate sanitary conditions during processing (397). 
In poultry, the ratio of the number of Enterobacteriaceae cfu to the number 
of cfu of salmonellae, the e-factor (91), is estimated to be at least 
1000 : 1. An Enterobacteriaceae cfu-count can therefore provide useful 
information in the examination of these products. 
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As the number of Salmonella cfu on commercially processed broiler carcasses 
was very low, it was obvious that for studies concerning the effects of 
ionizing radiation on salmonellae on broiler skin artificially contaminated 
carcasses had to be used. A simple and repeatable method for the artificial 
contamination of carcasses was hence elaborated. Three microorganisms were 
chosen for the experiments : an Escherichia coli strain and two Salmonella 
strains (serotypes niloese and panama). These strains were selected after 
completion of experiments in which Devalues in liquid and solid culture 
media of a number of microorganisms associated with refrigerated or frozen 
broiler carcasses were determined. In these experiments the influence on 
the D e v a l u e of the cfu concentration and of the physiological age of the 
cells was also determined. 
The results of experiments in which different pre-enrichment, enrichment 
and counting media were tested showed that the Escherichia coli strain was 
comparable in radiation resistance with salmonellae and therefore could be 
used in further experiments with artificially contaminated carcasses. 
Din-values estimated with artificially contaminated carcasses showed that 
the skin afforded protection against Salmonella niloese and Salmonella 
panama. Higher D^-values were estimated than for the Escherichia coli 
strain. This showed that these two microorganisms were not as similar as 
was assumed from the results of previous experiments with pure cultures in 
liquid and on solid culture media. 
A study was made of the effect of a radiation dose of 2.50 kGy on the 
number of salmonellae on broiler carcasses. As in nearly all other 
experiments two radiation temperatures were used during the experiments : 
+5 °C and -18 °C. 
As an extra dimension, a study on the influence of a combination of 
freezing and frozen storage was added to the experiment. In the first stage 
of the experiment carcasses which were kept at refrigeration temperatures 
were irradiated with doses of 0.50 kGy and 1.00 kGy; after this treatment 
the carcasses were deep-frozen at -18^, followed by a radiation treatment 
of 2.00 kGy and 1.50 kGy respectively. The total dose applied was hence 
again 2.50 kGy. The effect was measured by examining the carcasses for the 
presence of salmonellae and counting the cfu of Enterobacteriaceae. 
In the second stage of the investigation broiler carcasses were irradiated 
with a dose of 2.50 kGy in refrigerated or deep-frozen condition, after 
which the carcasses were deep-frozen and stored at -18 °C. 
36 
During a four month period of frozen storage carcasses were examined for 
the presence of salmonellae and E nterobacteri aceae. 
In the final part of the investigations the effect of increasing doses of 
ionizing radiation from 0 to 2.50 kGy with steps of 0.50 kGy on the total 
microflora of broiler carcasses was assessed, allowing an estimation of the 
shift in the composition of the microflora as caused by the radiation 
treatment. Counts were carried out on selective agar media and isolates 
from these media were biochemically characterized. In these experiments 
some agar media were surface treated with catalase, because there are 




4. MATERIALS AND METHODS 
4.1. Radiation treatments 
All treatments were carried out at the Proefbedrijf Voedselbestraling, 
Wageningen, The Netherlands. The source was Cobalt-60 with a flux of 1.50 
kGy per hour. Doses of 0.50, 1.00, 1.50, 2.00 and 2.50 kGy were applied. 
The temperature during the experiments was +5 +1 °C and -18 ^1°C. 
4.2 Estimation of decimal reduction (D^p) values of bacteria in solid and 
liquid culture media 
Bacteria. 
Escherichia coli K12 lysogenic, and Escherichia coli K12 non-lysogenic, 
were kindly provided by Prof. P. Fredericq, University of Liege, Belgium. 
The Escherichia coli K12 resistant to 200 ppm nalidixic acid (NDA) was made 
available by Dr. P.A.M. Guinee, National Salmonella Centre, Bilthoven, The 
Netherlands. 
The other strains used were from the culture collection of the microbiology 
laboratory of the Spelderholt Institute and had been isolated from poultry. 
Method for the estimation of the Dip-values in solid culture media. 
The bacteria were pre-grown at +30°C for 20 hours in bottles containing 50 
ml of Nutrient Broth (NB) or 50 ml of Minimal Medium (MM). Before starting 
the experiments this procedure was repeated twice. 
From the 20-hours' cultures dilutions were made in peptone saline. Per 
dilution 1 ml was transferred to a petri dish, to which 15 ml of Nutrient 
Agar (NA) or 15 ml of Minimal Agar (MA) tempered at +45 C (132) were added. 
After solidification of the agar, the dishes were packed in polystyrene 
boxes, transported to the radiation source and irradiated. After the 
radiation treatment the petri dishes were incubated at 37 C and 22 C 
(Pseudomonas testosteroni). 
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Al l tests were carr ied out in dupl icate; the average values of the 
surviving colony forming units (c fu 's ) were used for the estimation of the 
D^n-values. The i n i t i a l concentration in a l l experiments was approx.2.0 x 
10 cfu per ml. 
Method for the estimation of the Dip-values in l i qu i d culture media. 
Jars containing 50 ml NB or MM were inoculated with pure cul tures. 
Incubation was at +30 C. Every 20 hours 1 ml of th is medium was transferred 
to 50 ml fresh medium. 
20-hours' cultures were used for the experiments, unless otherwise stated. 
The jars were packed in polystyrene boxes. After the radiat ion treatment 
the numbers of surviving cfu were estimated by plat ing in 15 ml NA and MA, 
af ter serial d i l u t i o n . Af ter 24-36 hours of incubation at +37 C and +22^ 
the colonies were counted. A l l tests were carr ied out in dupl icate; the 
mean values of the number of surviving cfu were used for the estimation of 
D,Q-values. 
Method for estimating the effect on D-,Q-values of the medium in which the 
cells are grown before irradiation 
This experiment was carried out with an Escherichia coli strain K12 
resistant to 200 ppm NDA. Escherichia coli K12 was incubated in NB and in 
MM at 37°C for 20 hours during three days before the experiment. 1 ml of 
the 20 hours' culture was inoculated in 50 ml of fresh medium and incubated 
at 37 C during 1, 2, 3 and 9 hours. After incubation the cultures were 
packed in polystyrene boxes and transported to the radiation source. After 
the radiation treatment the numbers of surviving cfu were estimated by 
plating, after serial dilution in NA and in MA. After incubation at 37T 
for 24-36 hours the colonies were counted. 
Influence of the physiological age on Devalues of Escherichia coli K12. 
The above mentioned experiments were performed with 20-hours' cultures. 
According to the growth curves, which had been estimated in a preliminary 
experiment, the cells were then in the stationary phase of growth. In 
addition, experiments were carried out with 1, 2, 3 and 9 hours' cells. The 
cultures were then in their lag-phase and logarithmic growth phase 
respectively. 
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The influence of the physiological age on D10-values was estimated from the 
results of the experiments with 1, 2, 3 and 9 hours' cells. 
Effect of the use of a pre-enrichment medium on D m -values. 
After a radiation treatment in NB and in MM counts were performed: 
a. after incubation at 30°C for 6 hours in lactose broth (LB)(0X0ID) 
b. after incubation at 30°C for 6 hours in NB (0X0ID) 
c. immediately in the agar media used, NA and MA 
Incubation was at 37 °C during 24-36 hours. 
A second experiment was carried out in the following way. 
Counts were performed : 
a. after incubation at 7 C for 2 and 19 hours in buffered peptone water 
(BP) 
b. after incubation at 7°C for 2 and 19 hours in LB 
o 
c. after incubation at 7 C for 2 and 19 hours in NB 
d. immediately in the agar medium used, Plate Count Agar (PCA)(0X0ID) 
Incubation was at 37 C during 24-36 hours. 
Influence of the initial cell concentration on D-.Q-values. 
20-hours' cultures of Escherichia coli K12 were used. Before starting the 
experiments the bacteria were subcultured three times for 20 hours in 50 ml 
NB at +30^. After serial tenfold dilution in physiological saline 1 ml of 
a dilution was transferred to 50 ml fresh medium (NB) three times and 
subsequently packed in polystyrene boxes and transported to the radiation 
source. 
After irradiation the numbers of surviving cfu were determined in Violet 
Red Bile Glucose Agar (VRBGM0X0ID) to which 200 ppm nalidixic acid (NDA) 
(Sterling Winthrop, Haarlem, The Netherlands) was added. Incubation was at 
37 C during 24 hours. The experiment was carried out in duplicate. For 
enrichment of surviving Escherichia coli K12 cells 3 x 1 ml inoculated 
medium was transferred to 3 tubes containing 9 ml of Enterobacter!'aceae 
Enrichment broth (EE)(0X0ID) each. After incubation at 37°C for 24 hours 
subcultures were made on VRBG and incubated at 37°C for 24 hours. Positive 
or negative results were recorded. 
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Influence of the presence of oxygen on the D-^-values. 
A single experiment was carried out for this purpose. Sterilized plastic 
bags containing cultures of Escherichia coli K12 in NB and in MM were 
flushed several times with nitrogen gas, sealed and irradiated. The D e -
values resulting from this experiment were compared with the D,n-values 
obtained with Escherichia coli cultures which were not given a nitrogen gas 
treatment. 
Effect of transportation to the radiation source on the oxygen 
concentration in the liquid culture medium. 
An oxygen electrode (Radiometer, Copenhagen, PH M 71 MK2) was connected 
with the surface of the liquid culture medium in which Escherichia coli K12 
was present. Transportation to the radiation source was simulated by 
shaking vigorously in a water bath. The amount of oxygen dissolved in the 
water was measured, as was the time needed for bacteria to consume this 
oxygen; bacteria of a different physiological age (lag-phase, logarithmic 
phase and stationary phase) were used for these experiments. 
Mathematical treatment of the results. 
In all cases the survivor curve, the relation between the logarithm of the 
number of surviving cfu and the radiation dosis, was assumed to be a 
straight line. Regression lines were fitted. From the regression 
coefficients the D-^-values were estimated. 
Equality of Devalues implies that the corresponding regression 
coefficients are equal. Hence, in each experiment the equality of D e -
values is estimated by testing whether or not the regression coefficients 
are equal (318). 
4.3. Estimation of Din-values on artificially contaminated skin samples 
or broiler carcasses. 
Skin samples, broiler carcasses. 
Skin samples were dissected from the carcasses immediately after the 
evisceration process by means of sterile instruments. The number of samples 
used in each experiment is indicated in the tables. 
The broiler carcasses used in these experiments were scalded at 60 C, 
machine plucked and eviscerated in the usual way. The weight of the 
broilers was 750-1250 grams. 
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The epidermis was removed from the carcasses during the slaughtering 
procedure. In one experiment broiler carcasses were used which were 
slaughtered in the pi lot plant slaughter-house of the Spelderholt 
Insti tute, where a combined scalding and plucking process is in use. For 
each experiment 5 refrigerated or 5 deep-frozen, a r t i f i c i a l l y contaminated 
carcasses were used per radiation dose. 
Bacteria. 
Experiments were carried out with a strain of Escherichia coli K12 
resistant to 200 ppm NDA and with two Salmonella strains, Salmonella 
niloese and Salmonella panama. These strains had been isolated from poultry 
products. 
Inoculation technique. 
The bacteria used were grown at 3 7 ^ for 20 hours in a small quantity of 
Brain Heart Infusion broth (BHI)(0X0ID), which was subsequently added to an 
inoculation bath containing 25 litres BHI. The bacteria used were in their 
stationary phase of growth. The inoculation bath was a plastic vessel which 
was cleaned and disinfected thoroughly before the experiments. The 
disinfectant used was Tego 51/15DL (Goldschmidt N.V. Amsterdam, The 
Netherlands). 
Carcasses were immersed in the bath for 20 minutes. The temperature of the 
liquid was 20°C, the pH 6.5. Subsequently the carcasses were hung by their 
wings for a two minute drainage period. This was followed by packaging in 
plastic bags and deep-freezing at -40 C for 6 hours, or air-cooling (air 
temperature 0°C) during 2 hours. In the latter case the final temperature 
of the carcasses was +5 °C, in case the carcasses were deep-frozen the 
storage temperature was -18 C, applied overnight before the radiation 
treatment. The refrigerated carcasses were transported in polystyrene boxes 
to the radiation source without delay. The skin samples were treated in the 
same way. 
Irradiation of broiler carcasses under nitrogen conditions. 
The packaged carcasses were evacuated and flushed with nitrogen gas, after 
which the plastic bags were sealed again. The carcasses were frozen at 
-18 C and irradiated at the same temperature. 
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Microbiological examination. 
For the experiments with deep-frozen broiler carcasses all carcasses were 
thawed at +7 °C for 24 hours under the standardized conditions routinely 
used at the Spelderholt Institute. The individual carcasses were placed, in 
opened packages, at a distance of 15 cm from each other. The air 
temperature during thawing was +7°C. Skin samples of about 100 cm (approx. 
10 grams) from the breast area of the refrigerated or thawed carcasses were 
used to determine the number of cfu's by a maceration method using the 
Colworth Stomacher. For this purpose the samples were homogenized after 
dilution 1:9 in peptone saline during 1 minute. 
For the determination of the numbers of cfu's on the whole carcass a 
rinsing method was used. The numbers of cfu's in the thaw water and in the 
inoculation bath were estimated by conventional methods. Skin samples were 
also homogenized by maceration in a Stomacher. 
Salmonellae were estimated using the method recommended in ISO-document 
3565-1975. This method was chosen, because of experience obtained during 
several years in the routine examination of carcasses for salmonellae. 
However, as can be concluded from the data presented in Chapter 5 more 
positive carcasses could have been obtained with other methods. 
The samples were pre-enriched in 100 ml BP at 37 C for 18 hours. 10 ml of 
this culture were transferred to 100 ml tetrathionate brilliant green broth 
according to Mueller and Kauffmann (TBB). 
Incubation took place at 43°C during 24 hours. After incubation subcultures 
were made on brilliant green phenol red agar (BGMOXOID) incubated at 37 C 
for 24 hours. Suspect colonies were purified on MacConkey nr. 3 agar 
(MO(OXOID). After testing on TSI agar (0X0ID), for lysine decarboxylase 
and phenylalanine deaminase activity the cultures were examined with 
polyvalent Salmonella-serum. Final serological identification was carried 
out by the National Salmonella Centre at Bilthoven, The Netherlands. In 
addition a direct enumeration of Salmonella cfu on BG, using spread plates, 
was carried out. 
Escherichia coli K12 counts were made in VRBG to which 200 ppm NDA was 
added. Incubation was at 37°C for 18-24 hours. Escherichia coli K12 was 
also determined with EE broth incubated at 3 7 ^ for 24 hours 100 cm , 
approx. 10 grams of sample being added to 90 ml broth, followed by 
streaking on MC for further examination of suspect colonies. 
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Mathematical treatment of results. 
The regression of the logarithm of the counts with the dose was estimated 
for the counts on skin, in rinsing water and in thaw water after thawing. 
From the regression coefficients the D^-values were estimated. 
4.4. Estimation of the effect of a dose of 2.50 kGy on salmonellae and 
Enterobacteriaceae on poultry carcasses. 
Estimation of the effect on duck and broiler skin samples and on whole 
broiler carcasses. 
In a slaughtering plant for ducks 100 samples of neck skin were dissected 
from the carcasses before the chilling procedure and 100 from neck skin 
samples after immersion chilling. All samples were cut into equal parts of 
approx. 50 cm2(approx. 5 grams) each and packed individually in plastic 
bags. One half of the total sample material was treated with 2.50 kGy and 
the other half was used as a control. 
The samples of broiler skin were taken in 3 different slaughter-houses. In 
the first experiment the scalding temperature applied was 60-61OC as with 
the experiment with the duck skin samples. 
The epidermis was removed during the plucking process. In the other 
experiments samples were taken from broilers which were slaughtered in a 
plant where the scalding temperature was 52°C and the epidermis was not 
removed from the whole carcass. 
100 samples in each experiment were dissected from the carcass after the 
evisceration procedure, and were cut in two equal parts and treated as 
described above. 
500 broiler carcasses were collected in 8 different poultry slaughtering 
plants. The carcasses were deep-frozen at -18°C. Half of these were treated 
with 2.50 kGy; the other half served as control. 
Before and after the radiation treatment skin samples were examined for 
salmonellae. After the thawing procedure (at +7 °C for 24 hours under 
standardized conditions) thaw water and skin samples from the neck skin 
area were collected and examined for the presence of salmonellae and the 
number of cfu of Enterobacteriaceae. 
Microbiological examinations. 
Salmonellae were estimated as described in 4.3. 
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Counts of Enterobacter!aceae cfu were made after homogenization of 100 cm2 
(approx. 10 grams) of the skin samples diluted in peptone saline by 
maceration during 1 minute in a Stomacher. The thaw water obtained after 
thawing was examined by conventional methods. Poured plates of VRBG with a 
10 ml overlayer were used. Typical colonies were counted after incubation 
at 37 °C for 18-24 hours. 
Quantitative estimation of the effect on salmonellae on broiler carcasses. 
Materials. 
240 refrigerated broiler carcasses were used for these experiments. The 
scalding temperature was 52 C, the carcasses were air-cooled at a 
temperature of 0 C during 60 minutes. In addition 140 frozen carcasses were 
used, which were scalded at 60 C, immersion cooled in water, packed and 
o 
deep-frozen at -40 C for 20 hours. 
In the first three experiments refrigerated carcasses from three different 
commercial slaughter-houses were used. In each experiment 80 carcasses 
divided into 16 series of 5 were used. The number of cfu of salmonellae 
present was estimated per series before and after the radiation treatment. 
For this purpose skin samples were taken. From each series of 5 carcasses 
2 2 2 
approx. 30 cm of neck skin, 30 cm of peri-cloacal skin and 30 cm of 
lateral skin were taken (approx. 9 grams in total). 
After irradiation, corresponding samples were taken from the same series of 
broilers. The number of cfu of salmonellae was estimated with a Most 
Probable Number-(MPN) technique. The skin samples were homogenized for 1 
minute in BP (four times the volume/weight) using a Waring blender. Four 
fold portions of 50 ml, 5 ml and 0.5 ml were examined. The experiments with 
deep-frozen carcasses, obtained from one single processing plant, were 
carried out in the same way. After the radiation treatment the carcasses 
were thawed at +79c for 20 hours. Skin samples were dissected from the 
carcasses and examined before freezing and irradiation and after 
irradiation and thawing. Sampling of the skin was carried out as previously 
described. 
Salmonella i so la t ion method. 
The method for Salmonella-isolation was based on the recommendations given 
in ISO document 3565/1975: The iso la t ion of salmonellae from meat and meat 
products. 
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In using this method 50 ml BP was added to 50 ml and 5 ml skin macerate; 
10 ml BP was added to each of the 0.5 ml skin samples. After incubation at 
37 °C for 20 hours one-tenth of each volume of culture was transferred to a 
tenfold volume of TBB and incubated at 4 3 ^ . After incubation for 24 and 48 
hours these cultures were streaked on BG plates. The plates were incubated 
at 37°C for 24 hours. Suspect colonies were examined biochemically and 
serologically, as described earlier 
Estimation of the combined effect of irradiation at +5 C, with 2.50 kGy, 
deep-freezing and irradiation at -18 C on salmonellae and 
Enterobacteriaceae on broiler carcasses (Figure 5). 
Materials. 
40 b ro i le r carcasses were used for th is experiment. During the radiat ion 
treatment the temperature of the carcasses was ei ther +5 C or - 18 C, 
freezing was done at -40 + 1 C for 6 hours and the carcasses were kept at 
-18 C overnight. Af ter thawing, skin and thaw water were col lected for 
examination for salmonellae and assessment of Enterobacteriaceae c fu . 
Counts of Enterobacteriaceae cfu were made af ter homogenizing the samples 
fo r 1 minute in a Waring blender with peptone sal ine. The thaw water was 
examined by conventional methods. 
Culture methods. 
BP was used as a pre-enrichment medium fo r salmonellae: incubation was at 
37 C for 18 hours. The enrichment medium was TBB. After incubation at 37°C 
for 24 hours the enrichment cul ture was streaked onto BG. The plates were 
incubated at 37 C for 24 hours. Suspect colonies were cultured and examined 
as described previously. Enterobacteriaceae c fu 's were estimated in VRBG 
using layered poured plates incubated at 37 C for 18-24 hours. 
Estimation of the e f fec t of subsequent storage at -18°C on the combined 
e f fec t of i r rad ia t i on at +5 C, deep-freezing and i r rad ia t i on at -18 C on 
salmonellae and Enterobacteriaceae on b ro i le r carcasses ( to ta l dose 
applied 2.50 kGy)(Figure 6) . 
Mater ials. 
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a. 21 carcasses were examined after the cooling chain; the temperature of 
the carcasses was approx. +5 C 
b. 55 carcasses were deep-frozen and stored at -18 C 
c. 55 carcasses were irradiated with a dose of 2.50 kGy and then 
deep-frozen and stored at -18 C 
d. 55 carcasses were deep-frozen and then irradiated with a dose of 2.50 
kGy and stored at -18 C. 
Skin samples from the neck, breast and cloaca area of 5 carcasses (approx. 
2 
100 cm or 10 grams per carcass) were homogenized in a Stomacher with 
peptone saline (1:9) for 1 minute and 10 ml of this homogenate was used for 
further examination. 
One carcass was examined separately, in an attempt to assess the effect of 
deep-freezing and irradiation and irradiation and deep-freezing by the 
examination of one carcass instead of the examination of 5 carcasses. 
The same procedure was followed in the sampling of the thaw water released 
after thawing of the carcasses. Mixed samples from 5 carcasses and samples 
from one carcass were used. Monthly 11 carcasses were examined. 
Culture media. Salmonella isolation methods. 
Skin and thaw water samples were resuscitated and pre-enriched (1:9) 
respectively in 90 ml tryptone soya broth (TSB) at 37 C for 2 hours and in 
BP at 37 C for 18-24 hours. Subsequently 10 ml of broth were transferred to 
2 bottles containing 90 ml TBB and to 2 bottles containing 90 ml selenite 
cystine broth (SCB) according to Stokes and Osborne (327). Both enrichment 
media were incubated at 37 °C and 43 °C for 24 and 48 hours. 
Subcultures were made on the following media: 
a. BG (0X0ID) 
b. BG + 100 ml/1 sulphadiazine + 2.5 g/1 sodium deoxycholate (BGSD) 
c. Sulphapyridin b r i l l i a n t green agar (SBG)(Difco) 
d. Xylose lysine deoxycholate agar (XLD)(0XOUD) 
e. Hektoen Enteric agar (HEM0X0ID) 
Incubation was at 37°C fo r 18-24 hours. Suspect colonies were subcultured 
onto MC and examined biochemically and serological ly as described ea r l i e r . 
Enterobacteriaceae c fu 's were estimated in VRBG by using serial d i lu t ions 
of the homogenate mentioned before. Layered poured plates were made and 
incubated at 37 °C for 18-24 hours. 
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4.5. Assessment of the surviving microflora on broiler carcasses after 
different radiation doses (0 -2.50 kGy, with steps of 0.50 kGy). 
Materials. 
Four experiments were carried out to determine the effect of given doses of 
ionizing radiation on the microflora of broiler carcasses. In the 
experiments no. 1 to no. 3, 60 carcasses (10 carcasses per dose), 30 
carcasses (5 carcasses per dose) and 25 carcasses (10 carcasses were used 
as untreated reference material and 5 carcasses per radiation dose), 
respectively, were used in deep-frozen condition. The temperature during 
irradiation was -18 C. After thawing the carcass, counts were made of 
Stomacher homogenates of skin samples using peptone saline as a diluent. 
The same procedure was followed with thaw water, if it was available, but 
then no initial dilution was carried out. 
In the 4th experiment 25 carcasses kept at +5 C (10 carcasses were used as 
untreated reference material and 5 carcasses per radiation dose) were used. 
The radiation temperature was +5 C. Skin samples were treated as described 
above. 
Methods of enumeration. 
In experiments 1 and 2 serial tenfold dilutions of the homogenates were 
made and used to determine the number of cfu of specific groups of 
bacteria, applying the following media: 
a. "total" count : poured plates, Plate Count agar (PCA)fOXOID) incubated 
at 30°C for 48 hours; 
b. "total" psychrotrophic count : poured plates, PCA incubated at lo'fc for 
120 hours; 
c. Enterobacteriaceae : layered poured plates, VRBG incubated at 37S: for 
18-24 hours; 
d. Escherichia coli : spread plates of MC incubated at 37 C for 24 hours. 
Typical lactose positive isolates were confirmed by studying lactose 
dissimilation and formation of indole at 44 C and failure to assimilate 
citrate. 
e. Faecal streptococci : spread plates of Kanamycin Aesculin Azide agar 
(234,235,411)(KAA)(0X0ID) incubated at 37°C for 30 hours; 
f. Micrococci : spread plates of Mannitol Salt agar (MSA)(0X0ID) incubated 
at 30°C for 48 hours; 
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g. Staphylococcus aureus : spread plates of Baird Parker agar (BPAHOXOID) 
incubated at 37°b for 48 hours. Isolates were confirmed by DNA'se and 
coagulase tests 
h. Bacillus cereus : spread plates of Mannitol Egg Yolk Polymyxine agar 
(410)(MEP)(Merck) incubated at 30°C for 36 hours; 
i. Yeasts and moulds : spread plates of Oxytetracyclin Yeast Extract 
Dextrose agar (0YDA)(233,412) incubated at 25°C for 48 hours. 
The following enrichment procedures were used : 
j. Salmonella : BP at 37°C for 18-24 hours, TBB at 43°C for 24 hours, 
streaking on BG and incubating at 3 7 ^ for 24 hours; 
k. Enterobacteriaceae : EE broth at 37 C for 24 hours, streaking on VRBG 
and incubating at 37°C for 24 hours; 
1. Micrococci and staphylococci : Giolitti and Cantoni broth (233) 
incubated at 30 C for 24 hours, streaking blackened enrichment cultures 
on MSA and incubating at 30 C for 48 hours; 
m. Faecal streptococci : KAA broth (411) at 37°C for 24 hours, streaking 
on KAA agar and incubating at 37 C for 30 hours. 
The agar media which were used as spread plates have also been tested with 
the addition of catalase to the surface (117,206). The catalase (Sigma, 
Heidelberg, Western-Germany) concentration was approx. 780 units. 
The following media were used in the experiments 3 and 4 : 
1. Enterobacteriaceae : 
a. layered poured plates of VRBG incubated at 37°C for 18-24 hours; 
b. spread plates of VRBG with addition of catalase to the surface as 
described above; 
c. after 6 hours of resuscitation on 5 ml Trypticase Soy Agar (TSA) at 
25 C ("solid medium repair") a top layer of VRBG was poured over 
the agar. The plates were subsequently incubated at 37 C for 18-24 
hours (282). 
2. Escherichia coli : the same procedure 1 a-c was followed, except that 
the agar medium was 
3. Faecal streptococci 
MC and incubation was at 44 C for 24 hours. 
a. spread plates of KAA agar were incubated at 37 C for 30 hours; 
b. spread plates of KAA agar with the addition of catalase to the 
surface were incubated in the same way; 
c. samples were incubated at 25 C for 2 hours in peptone water (Pw) 
and then plated on KAA agar and incubated at 37 C for 30 hours. 
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4. Staphylococcus aureus : 
a. spread plates of BPA were incubated at 37 C for 24-48 hours; 
b. the same agar medium was used after a two hour resuscitation 
treatment of the sample material in Pw at 25 C. 
5 Salmonella : the method used was based on the recommendations in ISO 
document 3565/1975 : BP at 37°C for 18-24 hours, TBB at 43°C for 24 
hours, streaking on BG and incubating at 37 C for 24 hours. 
From enumeration plates showing 20 to 200 colonies a number almost equal 
to the square root of the total number of colonies were picked at random 
for tentative taxonomie grouping of the surviving microflora. 
A rapid screening test was carried out by using Gram-negative and 
Gram-positive diagnostic tubes as described in the literature (236). 
The Gram-negative diagnostic tube consists of a butt of VRBG with a 
top-layer of motility test agar and hence permits direct reading of 
resistance to crystal violet plus bile salts, mode of attack on glucose, 
formation of pigments, motility and oxydase reaction. Gram-positive 
diagnostic tubes consist of a butt of Mannitol Purple agar with a covering 
layer of Tryptone Soya peptone agar and permit a direct reading of oxygen 
tolerance, mode of attack of mannitol and catalase reaction. Further 
identification was carried out using conventional biochemical tests and 
novel techniques, such as API and Enterotube. 
4.6. Estimation of shelf life at +7 C of thawed carcasses after a 
radiation treatment with 2.50 kGy. 
Two experiments were carried out in which a total of 100 broiler carcasses 
were irradiated at -18 °C with a dose of 2.50 kGy; 25 carcasses per 
experiment were left untreated. The carcasses were collected in a 
commercial slaughter-house, using a scalding temperature of 60°C for 100 
seconds, water cooling and deep-freezing. After thawing the carcasses at +7 
C for 24 hours shelf life was estimated after storage at +7 C for several 
days. Five carcasses were sampled daily. The following microbiological 
tests were performed with the skin samples: 
a. "total" counts in poured plates of PCA, incubated at 30 C and 10°C 
b. the number of Enterobacteriaceae: cfu in VRBG 
c. the number of faecal streptococci: cfu on KAA agar 
d. the number of Staphylococcus aureus: cfu on BPA 
e. the number of yeasts and moulds: cfu on OYDA 
52 
f. the number of Clostridium perfn'ngens cfu was counted in sulphite iron 
cycloserine agar (233,414); incubation at 46°C for 24 hours. 
The samples were enriched and subcultured for an estimation of Salmonella. 
Details of the method used were described earlier. 
4.7. Assessment of required lethality. 
Lethality or reduction factor refers to the number of microorganisms 
destroyed after a certain radiation treatment. It is defined as (413) 
A = NQ/N^ in which 
Nnis number of cfu of microorganisms before irradiation and N is number of 
cfu of microorganisms after irradiation. 
Lethality (A) of radiation treatment is expressed asA = n.D,„ or, in cases 
where survivor curves show a "shoulder" and/or a "tail", as (MPED)n(230). 
One approach to assess the required lethality of the radiation treatment is 
to accept a lethality of 7, meaning a reduction of seven log cycles. This 
reduction factor is used, for example, in the pasteurization of eggs and 
milk products. The dose (kGy) required would then be 7-D1r)-
Another possible approach is to fix on a certain Hf in the end product, 
i.e. the "absence" of salmonellae, and to estimate the lethality or 
reduction factor using known NQ 's. 
Both approaches will be dealt with. 
4.7.1. Effect of different parameters on lethality of irradiation with a 
dose of 2.50 kGy. 
Different parameters have exert a distinct effect on the lethality of 
irradiation, with a fixed dose of 2.50 kGy, with respect to Salmonella 
initially present on broiler carcasses. 
Parameters in case of Salmonella radicidation of broiler carcasses are: 
1. the biotype 
2. the serotype 
3. the number of cfu's of Salmonella initially present 
4. the distribution (heterogeneous, homogeneous or in clumps) of cfu's on 
carcasses 
5. the physiological condition of the cells 
6. the attachment to, or detachment of, salmonellae from carcasses 
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7. the competition with other microorganisms during attachment or 
detachment 
8. the effect of radiation media and -temperature 
9. the effect of oxygen partial pressure 
10. the lethal effect of irradiation as such 
11. the effect of sampling techniques 
12. the effect of Salmonella-isolation methods 
13. the effect of MPN or colony count estimates 
14. the effect of deep-frozen storage after irradiation 
The effect of some of these factors was studied in more detail, as they 
could be expected to influence lethality more substantially than others. 
For instance, the effect of initially present numbers of Salmonella cfu's 
(N„ ) on A was only studied grossly, as a generally valid first 
approximation is that A does not depend on NQ, but only on radiation dose 
under, for the rest, standardized intrinsic and extrinsic conditions. 
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CHAPTER 5 
5. EVALUATION OF METHODOLOGY 
5.1. Sampling methods for microbiological examination of broiler carcasses 
Various methods are used for the determination of the microbiological 
condition of broiler carcasses or parts. The sampling site on the carcass 
is very important in attempts to assess hygiene during slaughtering, to 
estimate shelf life of the product and to examine the slaughtered products 
for the presence of pathogenic microorganisms. For this purpose broiler 
skin and its connective tissue have to be examined in the first place. In 
healthy animals the deeper muscle tissues are sterile, as shown by the 
observation that bacterial growth in the meat could not be detected when 
carcasses were stored at -10 C to +15 C during a longer period of time 
(34,35,36). 
Experiments in which the attachment of bacteria to broiler skin was studied 
indicate (254,255) that the skin of the carcass and not the meat should be 
sampled. More flagellated bacteria than non-flagellated strains were found 
attached to the skin or in the surrounding water film. However, attachment 
to skin is not only due to the presence of flagella on bacteria (216). 
The methods to estimate the microbiological condition of the carcasses can 
be divided into two groups: 
a. non-destructive methods 
b. destructive methods 
The advantage of the use of non-destructive methods, irrespective of 
reliability, is that the material to be examined remains intact. 
Destructive methods, especially when poultry carcasses are examined, result 
in a downgrading of the examined product. Altogether over fifty 
non-destructive methods have been described in literature (32,37,263, 
264,340). 
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The methods used for the examination of poultry carcasses vary from the 
sampling of a small piece of surface skin, by swabbing, rinsing or 
maceration, to the sampling of a considerable part or even a whole carcass 
by swabbing, rinsing or maceration. 
A comparative study of several methods (119) resulted in the use of the 
alginate swab method. This method for the examination of poultry carcasses 
(229) was found to give counts about 10 times higher than contact plate 
methods (238). 
Recently it has been observed (256) that no differences in counts of cfu 
were obtained when cotton instead of alginate swabs were used. 
Other investigators completely rely on skin-maceration methods (28,29,75, 
241,257,263,366). With this method counts are often at least 10 times 
higher than with any other method (29,119). 
The most severely contaminated area of the broiler carcass appeared to be 
the neck skin (257,263,364). Examination of a piece of neck skin is 
therefore recommended. Another reason for taking neck skin is the 
relatively undamaged condition of the carcass after sampling. 
There are also some literature references (193,312) in favour of rinsing 
parts of the whole carcass with a diluent. Generally, however, higher 
counts have been found with a destructive method, than with swab and 
rinsing techniques (74,75,119,312). A publication in which scanning 
electron microscopy photographs of broiler skin were shown (216) explains 
the increased recovery of microorganisms by destructive as compared with 
non-destructive sampling methods. The surface of the broiler skin consists 
of crevices and channels of capillary size and once contaminated it is 
extremely difficult to remove the microorganisms. 
A comparison of the merits of the applied methods is difficult, because the 
2 
bacterial counts are expressed as cfu per gram, per cm or per ml. 
Conversion formulae have therefore been used, like : Surface = Weight + 500 
(cm2 ). 
Different formulae (312, 365) for the conversion of counts expressed as cfu 
2 
per gram to cfu per cm , by using a formula for the specific weight of a 
certain piece of skin (35,312,365) are in use. Even when using such 
conversion formulae it has not been possible to appraise the value of the 
results of comparative experiments with skin maceration methods, rinsing 
or swab techniques (241,257.364). 
If one is only interested in the contamination of the slaughtered end 
product other methods could also be applied to examine carcasses for the 
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presence of pathogenic microorganisms (216,254,258,364). An examination of 
the thaw water obtained by hand pressing the carcass or rinsing of the 
whole carcass can be carried out (75,77,193,239,258). The "built up" of 
bacteria during the whole slaughtering process can not be measured by these 
sampling methods. 
For practical reasons, especially when large carcasses, for example 
turkeys, are to be examined, a skin maceration method is to be preferred 
(26). The experiments to be described in this thesis were therefore 
performed with a skin maceration method. 
5.2. Salmonella isolation methods for broiler carcasses 
Several sequential steps in Salmonella analysis can be distinguished i.e. 
non-selective resuscitation and pre-enrichment, enrichment, plating on 
selective agars, biochemical and serological tests. Good review articles on 
this subject can be found in literature (116,144). In this paragraph only 
the main principles of suitable cultural methods are described. 
Resuscitation and pre-enrichment methods. 
Resuscitation and pre-enrichment is necessary when salmonellae have to be 
detected which are injured by a process such as drying, freezing or 
heating. When it is expected that low levels of contamination are present, 
for example when examining poultry products, a pre-enrichment step is 
becoming quite common. The best known resuscitation and pre-enrichment 
media are tryptone soya broth (TSB), buffered peptone water (BP), lactose 
broth (LB) and nutrient broth (NB). These media contain compounds like 
peptones and phosphate which favour recovery of damaged salmonellae 
(96,249,250). For Escherichia coli cells which were sublethally damaged by 
freezing to different degrees (274,284, 360) a minimal time of 1 to 2 hours 
of resuscitation (356) was needed. A two hour resuscitation at a suboptimal 
incubation temperature is recommended for slightly damaged cells and a 18 
hour incubation period for severely damaged cells (356). In literature some 
authors (232,283,356) found 1 to 2 hours to suffice; others 
(80,313,351,358,361) proved that even 6 hours of resuscitation at room 
temperature were not sufficient under certain conditions. 
The difference in required resuscitation time, reported by the different 
authors is not only caused by differences in stress but particularly 
also by the composition of the selective culture medium, ultimately used 
for enumerating bacteria (283). 
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I t is worth noting that by pre-enrichment i t is attempted to grow 
salmonellae or other microorganisms which are present in very low numbers 
(1 to 100 or 1000) compared to other natural ly occurring microorganisms. 
Also stressed ce l l s may repair and grow during pre-enrichment. Raw meat, 
poultry meat and unpasteurized egg products generally do not need a pre-
enrichment phase in the Salmonel1a-isolation procedure (338). The 
contamination level is re la t ive ly high and no stressed ce l ls are expected 
to occur. During preenrichment of these products growth of other micro-
organisms present may in ter fere with iso la t ion procedures for salmonellae. 
Dried, frozen or heat-treated products wherein the competitive microflora 
i s par t ly destroyed and surviving cfu may be damaged, need a non-selective 
pre-enrichment step for the detection of Enterobacteriaceae, Escherichia 
co l i and Salmonella (121,232,308,356,358,359,360). A certain number of 
competing microorganisms developing during pre-enrichment is considered 
necessary to eliminate some toxic substances in par t icu lar selective 
enrichment media (356). 
Selective enrichment media. 
Selective enrichment media for salmonellae should stimulate growth and 
mul t ip l i ca t ion of Salmonella and r e s t r i c t the accompanying Gram-negative 
microorganisms present, l i ke Citrobacter, Proteus and Pseudomonas. As a 
rule the Gram-positive microorganisms are completely inh ib i ted by the 
composition of the media. 
In l i t e ra tu re the super ior i ty of certain media compared to others is often 
claimed. As the effectiveness of an enrichment medium is dependent upon the 
substrate in which salmonellae are to be detected, the various most popular 
media w i l l be reviewed. 
The media most frequently described in l i t e ra tu re are tetrathionate 
b r i l l i a n t green broth and selenite media (177,192), from which selem'te 
cystine broth, selenite cystine mannitol broth and selenite b r i l l i a n t green 
broth were derived (96,138,253,261,327). In a la te r stage Rappaport's 
medium on the basis of magnesium-chloride (280), Gram-negative broth (138), 
strontium media (139) and media containing lys ine, an iron sa l t and cystine 
(LIC)(141) were added to the l i s t . In the l a t t e r , par t i cu la r l y Salmonella 
negative enrichments give a very specif ic react ion. As the se lec t i v i t y of 
most media was often i nsu f f i c i en t , fur ther ant i-microbial compounds were 
added; examples are tetrathionate broth with the addit ion of 40 micrograms/ 
l i t e r Novobiocin (45) and selenite b r i l l i a n t green sulpha medium (253). 
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Temperature and time of incubation of selective enrichment media. 
In 1953 (142) it was demonstrated that incubation at 43 C gave better 
results than incubation at 37 C. However, as indicated previously not all 
Salmonella-serotypes grow at, or even survive exposure to, a temperature of 
43 C in all selective enrichment media. Tetrathionate at 43 C proved lethal 
for some salmonellae, while in the same studies selenite broth also showed 
a lower isolation rate at 43 C than at 37 C (209). Nonetheless, the 
incubation temperature of 43 C generally leads to more positive results 
(309). This is due to better selectivity at the increased temperature. Also 
the presence of a competitive microflora can decrease the toxic effect of 
tetrathionate broth on some salmonellae at increased temperature (356). 
Recommended incubation times vary from 16 to 96 hours. More salmonellae are 
generally isolated when the samples were incubated for 24 and 72 hours or 
for 24 and 48 hours (62,125). In the recommendations given in the ISO 
document 3565/1975 for the isolation of salmonellae from meat and meat 
products (20) it is suggested to incubate at 37 C and at 43 C for 24 and 48 
hours. These recommendations were based on a collaborative trial using 
naturally contaminated minced meat as inoculum (97). The second subculture 
i.e. after 48 hours of incubation, was especially productive when 
competitive microorganisms presented problems. 
Nowadays, based on comparative studies, it is accepted that a particular 
modification of Rappaport's medium is superior to both selenite and 
tetrathionate brilliant green broth (398,399,415). 
Selective agar media. 
In literature the agar media brilliant green and brilliant green sulpha-
pyridine agar were found the most suitable ones for the isolation of 
salmonellae (123,189). To inhibit Proteus and Pseudomonas strains sulpha-
diazine was sometimes added to the brilliant green media (123,133,167). 
Other media such as bismuth sulphite agar (388), deoxycholate citrate 
lactose sucrose agar (159). Salmonella-Shigella agar (15) and the less 
selective MC (203) are also often used in the isolation of salmonellae. 
Some new media include HE (180) and XLD (334). Since lactose is fermented 
slowly by some strains of salmonellae, falsely negative reactions may 
occur. A theoretical disadvantage of XLD is that some strains of Salmonella 
enteritidis, a serotype frequently isolated from poultry, will develop 
atypically on that medium, since they do not ferment xylose and show only a 
weak lysine decarboxylase reaction (272). 
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Bismuth sulphite, XLD and LIC agars are unique among the selective agars 
because differentiation of Salmonella colonies is independent of lactose 
fermentation and relies mostly on a hydrogen sulphide indicator system. The 
BS medium gave good results with the Salmonella-serotypes, typhi, paratyphi 
B and enteritidis (388), but often fails in the isolation of other 
salmonellae. 
XLD agar and HE agar recently added to the bile salt selective agars, were 
tested frequently in comparison with other older, selective agar media. The 
productivity of XLD- and HE agars was found to be very similar, both media 
permitting recovery of salmonellae (165). Others (272) found XLD- and HE 
agar superior to other agar media, yielding more Salmonella isolations and 
fewer false positives. Experiments with Enterobacteriaceae strains isolated 
from sausages (288) showed that the selectivity of XLD and HE agars could 
be improved by the addition of 5 micrograms/ml Novobiocin to XLD agar and 
80 micrograms/ml to HE agar. A comparison between four plating media with 
and without Novobiocin (10 micrograms/1) (220) showed that XLD with 
Novobiocin gave results identical with tryptone soya brilliant green agar, 
modified for improved Salmonella isolation (376). Brilliant green agars 
gave excellent results in collaborative studies in nine European 
laboratories (97,98). A disadvantage of BG is the fact that depending on 
the foods examined often subculturing is needed. 
Experiments with commercial brilliant green agars to which 18 antimicrobial 
agents were added showed that a combination of sulphacetamide ( 1 mg/ml) 
and mandelic acid (0.25 mg/ml), together called antibiotic enriched BG, 
gave maximum recovery of salmonellae with maximal suppression of competing 
microorganisms (376). 
5.3. A comparative study of Salmonella isolation methods for broiler 
carcasses 
As indicated in the previous section many methods have been suggested in 
literature for the isolation of salmonellae from foods, including poultry 
products. For the latter no specific method is used exclusively, but 
usually the recommendations given in ISO document 3565/1975 for the 
detection of salmonellae in meat and meat products are followed. It 
remained to be assessed whether this Salmonella reference method which is 
not yet generally accepted by many English speaking countries, also gives 
the highest percentage of Salmonella recovery from poultry products, 
treated in different ways. 
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Furthermore new selective agar media have been suggested since this 
standardized method was issued. 
In this investigation broiler carcasses on which one could expect varying 
numbers of sublethally damaged salmonellae (refrigerated, frozen, radiated 
or treated with a combination of these processes) were examined. 
Materials. 
In stage 1 of these experiments 60 eviscerated carcasses or ig inat ing from a 
Salmonella-positive flock were drawn from the normal production l ine in a 
b ro i l e r slaughter-house. 20 carcasses were examined before freezing at 
-18 t , 20 af ter freezing and 20 af ter freezing and i r rad ia t ion with 2.50 
kGy. Approx. 100 cm (10 grams) of skin from the neck, breast and cloaca 
areas were dissected from each carcass with s te r i l e instruments. Pooled 
samples of 5 carcasses were examined for the presence of Salmonella. 
In stage 2 of the experiments the carcasses mentioned in f igure 4 were 
used. 
Salmonella iso la t ion methods. 
2 In stage 1 of the experiments the 100 cm skin samples were resuscitated 
and pre-enriched (1:9) respectively in 90 ml of: 
a. TSB at 20°C for 2 hours 
b. TSB at 37°C for 2 hours 
c. BP at 37°C for 18-24 hours 
d. LB at 37°C for 18-24 hours 
10 ml of each enrichment cul ture were transferred to 2 bo t t les , each 
containing 90 ml of the fol lowing selective enrichment media: 
A. TBB 
B. tetrathionate broth + 40 micrograms/ml Novobiocin (TBN)(Upjohn, 
Belgium) 
C. selenite broth (SEB)(Difco) 
D. selenite cystine broth (SCB)(BBL) 
E. mannitol selenite cystine broth (SCM)(Merck) 
The enrichment media were incubated at 37°C and at 43°C for 24 and 48 
hours. 
Af ter incubation subcultures were made on the fol lowing select ive agar 
media: 
1. BG (0X0ID) 
2. BG + 100 mg/1 Sulphadiazine (BGS)(Boom, Meppel, The Netherlands) 
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3. BG + 100 mg/l Sulphadiazine + 2.5 g/l Sodiumdeoxycholate (BGSD) 
(Merck) 
4. Sulphapyridine brilliant green agar (SBG)(Difco) 
5. Deoxycholate hydrogen sulphide lactose agar according to Sakazaki 
(DHL)(Merck) 
6. Xylose lysine deoxycholate agar (XLD)(0X0ID) 
7. XLD + 40 micrograms/ml Novobiocin (288HXLDN) 
8. Bismuth sulphite agar (BS)(0X0ID) 
9. Deoxycholate citrate agar (DO(OXOID) 
10. Hektoen Enteric agar (HE)(0X0ID) 
Incubation was at 37 C for 18-24 hours. Suspect colonies were purified on 
MC agar and characterized biochemically and serologically as described 
before. 
Figure 7 presents the scheme of the experimental set up. 


















at 37 °C 
at 37 ï 
























I 2. BGS 
/ 
[ 3. BGSD 
I 4. SBG 
J 5. DHL 
j 6. XLD 
ƒ 7. XLDN 
[ 
1 8. BS 
\ 9. DC 
\o. HE 
Figure 7. Scheme of the experimental set-up. 
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5.3.1. Results of a comparative study of Salmonella isolation methods 
when applied to broiler carcasses: stage 1 
Resuscitation and pre-enrichment media. 
Table 8 summarizes the results of experiments in which the performance of 
different media was assessed. Four samples were examined in 800 ways; if 
all samples had been found positive for Salmonella, the figure 3200 would 
have been recorded in the table. 
With refrigerated carcasses no statistically significant differences were 
found. When frozen carcasses were examined, LB was estimated better 
(P<0.01) than the other resuscitation and pre-enrichment media. Among the 
other media no significant differences were determined by the statistical 
analysis applied. BP was more (P<0.01) productive than TSB with frozen + 
2.50 kGy carcasses. The results did not differ significantly from those 
obtained with LB. In the total results no significant differences were 
found. 
Table 8. Salmonella-positive samples of broiler carcasses found with 
different resuscitation and pre-enrichment media 
Refrigerated Frozen Frozen + 2.50 kGy Total 
Resuscitation 
TSB 20°C 45 23 35 103 













* significant P<0.01; n.s. = not significant 
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Enrichment media. 
The results are given in table 9. With a l l samples pos i t ive , 640 isolat ions 
would have been obtained. 
Table 9. Salmonella-positive samples of b ro i le r carcasses with d i f fe ren t 
enrichment media. 

























* significant P<0.05 from results -) 
** significant P<0.01 
SCB showed better (P<0.01) results than the other media when refrigerated 
and frozen carcasses were examined. With refrigerated carcasses, the 
results of the various media did not differ significantly. When used with 
frozen carcasses, SCB was more (P<0.05) effective in isolation than all 
other media, except SEB. TBN proved (P<0.01) to be the best enrichment 
medium to isolate salmonellae from frozen and radiated samples. Good 
results were also obtained with TBB; however, it was not statistically 
superior to the other media. The total number of Salmonella-positive 
samples was better (P<0.01) with SCB, than with the other media, whereas 
SCM proved to be the medium with the lowest Salmonella recovery. 
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No s t a t i s t i c a l l y s ign i f i cant differences were found with respect to 
influence of incubation time or incubation temperature. When the results 
obtained with the resuscitat ion and pre-enrichment media were evaluated 
together, there was an in teract ion (P<0.01) with the results of BP and SCB. 
The results of the combined use of the media TSB 37 and TBB were less 
(P<0.01> successful. 
Selective agar media. 
The results are summarized in table 10. I f a l l samples had been found 
Salmonella-positive, 320 isolat ions would have been obtained. 












































































* s ign i f i cant P<0.01 from results indicated 1) 
* * s ign i f i can t P<0.01 from a l l other results 
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With refrigerated carcasses the results with the media BGSD and XLDN proved 
(P<0.01) better than those obtained with the media BG and BS. Among the 
other results, no significant differences could be detected. SBG was better 
(P<0.01) than all other media when frozen carcasses were examined for 
Salmonella. The recovery for Salmonella was lower (P<0.01) on the media 
XLDN, BS and DC. No difference was found among the results obtained on the 
other media. When frozen and radiated carcasses were examined the media DHL 
and HE gave higher (P<0.01) recoveries than the media BG, BGS, BGSD, XLD, 
XLDN and BS. The number of Salmonella-positive samples obtained on media 
XLDN and BS was lower (P<0.01) than the number obtained on other media. 
From a statistical point of view, SGB gave the best results in comparison 
with the media BG, BGS, XLD, XLDN, BS and DC. The lowest number of 
Salmonella-positive samples was obtained with BS. 
Table 11. True and false positive isolations from selective agar media 









































* significant P<0.01 with respect to 1) 
** significant P<0.01 with all other results except those indicated 2) 
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A second criterion to assess the effectiveness of a selective medium is the 
number of false positive isolations. A false positive isolation is defined 
as a suspect colony which, after identification, proved not to be a 
Salmonella. 
Table 11 lists the number of false positive isolations obtained on all 
media. From the table it can be seen that the media SBG and DC gave less 
(P<0.01) false positive isolations than the media BG, BGS, DHL, XLD, XLDN, 
BS and HE. Medium BS gave fewer (P<0.01) false positives than the other 
media with the exception of the results obtained with the media DHL and 
XLDN. 
Based on these results the following combinations of media were chosen for 
the second stage of the experiments : resuscitation and pre-enrichment TSB 
37 and BP; selective enrichment TBB and SCB; selective agar media BG, BGSD, 
SBG, XLD and HE. 
5.3.2. Results of stage 2 of the experiments. 
Resuscitation and pre-enrichment. 
Table 12 summarizes the results of the tota l number of Salmonella-positive 
samples. With a l l samples pos i t ive, 600 isolat ions would have been 
obtained. This applies both to skin samples and to thaw water samples. 
Table 12. Salmonella-positive samples of b ro i le r carcasses with d i f fe rent 
resuscitat ion and pre-enrichment media 
Medium Frozen Frozen Refrigerated Total 
+ 2.50 kGy + 2.50 kGy 
skin thaw water skin thaw water skin thaw water skin thaw water 
TSB 3 7 ^ 29 42 
* * 








* s ign i f i can t P<0.01 
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BP proved to be better (P<0.01) than TSB. With refr igerated carcasses the 
number of Salmonella-positive samples was too low to be used in a 
s t a t i s t i c a l analysis. 
Enrichment media. 
The results are summarized in table 13. The tota l number of Salmonella-
posi t ive samples attainable in th is experiment was 600. 
SCB proved (P<0.01) better than TBB. No s ign i f i cant differences were found 
between the two enrichment media, whether the samples were incubated at 
37 °C or at 43 °C, for 24 or for 48 hours. 
Table 13. Salmonel1a-positive samples of b ro i le r carcasses with 2 d i f fe rent 
enrichment media 
Frozen Frozen Refrigerated Total 
+ 2.50 kGy + 2.50 kGy 
skin thaw water skin thaw water skin thaw water skin thaw water 
Medium 
TBB 18 18 0 56 10 21 28 95 
* * * * * * 
SCB 82 136 8 98 8 29 98 263 
* significant P<0.01 
Isolation media. 
Table 14 gives the results of the experiments in which 5 selective agar 
media were tested. With all samples Salmonella-positive, 120 isolations 
would have been obtained with all combinations. 
BGSD gave better (P<0.01) results than BG when the number of Salmonella-
positive samples of thaw water and skin samples were taken together. No 
other significant differences were found with this type of sample material. 
HE proved better (P<0.01) than BSGD when frozen + 2.50 kGy samples were 
examined. XLD and HE were better (P<0.01) than the other media with 
refrigerated + 2.50 kGy carcasses, when all positive samples were taken 
together. 
Looking for the overall score, HE proved (P<0.01) better than BG when all 
positive samples were taken together. 
Table 14. Salmonella-positive samples of broiler carcasses with 5 different 
selective agar media 
Frozen Frozen Refrigerated Total 
+ 2.50 kGy + 2.50 kGy 
























































In assessing the effectiveness of various selective agar media, the false 
positive isolations were once more taken into consideration. Table 15 gives 
the results of the 5 media tested. HE scored more (P<0.01) false positive 
isolations than any other medium. 






















5.4. Discussion of both experiments. 
Pre-enrichment media and conditions scored higher Salmonella recoveries 
than resuscitation media and conditions when samples of frozen and 
radiated carcasses were examined. With these two categories of samples LB 
gave the best overall results. In other cases no significant differences 
were found. No indication was found that, due to chilled storage and 
irradiation bacteria, were lethally injured, since the total number of 
Sal monel 1 a-posi ti ve samples did not differ significantly. This 
substantiates earlier findings (227). 
When considering the overall results, SCB proved to be the best selective 
enrichment medium. Only when samples of frozen and radiated carcasses were 
examined, other media (TBB, TBN) scored higher (P<0.01) recoveries. To 
explain these observations one should consider the chemical composition of 
the media and the effect of individual components on the restoration of 
cells. 
There was an interaction (P<0.01) between the use of BP as pre-enrichment 
medium and SCB as enrichment medium. Therefore, this combination of media 
can be recommended for this type of poultry products. It was shown that 
when samples had incurred more physical stress the standard deviations of 
the mean number of positive samples on the selective agar media increased. 
Four selective agar media gave the best overall results. These were BGSD, 
SBG and DHL in the first stage of the experiments and HE in the second 
stage of the experiments. From the experiments it became clear that BS can 
not be used for the detection of salmonellae in poultry products. 
When the criterion false positive isolations is taken into account the 
media SBG and DC gave the best results (P<0.01). Again medium BS gave the 
most false positive Salmonel1a-isolations (P<0.01). A reason for this 
finding may be the low number of colonies obtained in the experiments which 
were all marked suspect. The same can be said for the media DHL and HE with 
which there was no experience in routine analysis. No effects could be 
assessed of different incubation times and temperatures used in enrichment. 
Possibly the low number of Salmonella-positive samples is the reason for 
this finding; this observation has also been reported in several literature 
reviews (76,116,129,165,181,262,289,294,305,335,394,398,399,415). 
A comparison with results from studies in literature is difficult, since in 
most of these studies other media were compared with other sample material. 
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Further research by which the effectiveness of new media for the isolation 
of salmonellae should be studied can use the results obtained here and 
should determine the value of the data presented. 
In further experiments to be reported in this thesis, the recommendations 
given in ISO document 3565/1975 on the isolation of Salmonella from meat 
and meat products were followed. This choice was based on the experience 
with this method for several years arid the difficulty in the recognition of 




6. D-io-VALUES OF MICROORGANISMS IN SOLID 
AND LIQUID CULTURE MEDIA 
6 . 1 . Int roduct ion. 
DjQ-values of microorganisms are dependent on many parameters { c f . Section 
4 . 7 . ) , including the culture media in which the organisms were pre-grown, 
i r rad ia ted and counted af ter the radiat ion treatment (276). F i r s t of a l l i t 
was investigated whether or not differences in radiat ion sens i t i v i t y in 
so l id agar media existed between microorganisms related to or associated 
with poul t ry. 
Radiation sens i t i v i t y in l i qu id culture media was invest igated, too. 
Experiments were carr ied out with Escherichia co l i 12 K and Salmonella 
panama to establish the influence of the physiological age, the ce l l 
concentration and of oxygen par t ia l pressure on D^-values. 
Table 16. D e v a l u e s (kGy) of d i f fe ren t bacteria in sol id cul ture media 
Bacterium Agar medium 
NA MA 
D10 n D10 
Escherichia coli 
Escherichia coli K12 lysogenic 
Escherichia coli K12 non lysogenic 
Escherichia cöTT K12 NDA 














































The results of these experiments allowed to assess the usefulness of 
Escherichia co l i as an index bacterium for Salmonella. 
6.2. D é v a l u e s on so l id cul ture media. 
A l l cultures were 20-hours' and the bacteria were hence in the i r 
stat ionary phase of growth. Table 16 gives the estimates of the D e v a l u e s 
of some bacteria in NA or in MA. 
Influence on D,»-values of the medium in which the ce l ls were i r rad ia ted . 
In th is experiment the same media for i r rad ia t ion and cu l tur ing were used. 
In table 16 the D,„-value of Escherichia co l i K 12 non-lysogenic in NA 
(0.26 kGy) d i f fe red (P<0.01) from the D^-value in MA (0.14 kGy). Results 
obtained with the other bacteria did not d i f f e r (P>0.05). 
Influence on D,Q-values of the physiological age of c e l l s . 
This experiment was carr ied out with an Escherichia co l i s t ra in K12 on NA 
and MA; 2 and 20 hours' cultures were compared with respect to the i r 
radiat ion sens i t i v i t y . D,„-values were estimated and are summarized in 
table 17. 




D 1 0 n D I 0 n 
2-hours' cul ture 0.21 6 0.18 5 
20-hours' cul ture 0.23 6 0.18 5 
n = number of doses applied 
2 hours' ce l l s were in the logarithmic phase of growth and 20 hours' ce l l s 
were in the stationary growth phase. In a l l cases the variance of the 
regression was less than 2 percent cf the to ta l variance. The D e v a l u e s 
did not d i f f e r (P>0.05). 
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D^Q-values of 
6.3. Dip-values in l i qu i d culture media. 
Table 18 gives the results of experiments in which 
bacteria i r rad ia ted in NB and in MM were estimated. Table 19 gives the 
results of experiments in which Deva lues of salmonellae were estimated 
when i r rad ia ted at +5°C and at -18°C. This experiment was carr ied out wi th 
Salmonella strains isolated from poultry carcasses used in the experiments 
referred to in chapter 8. 
Table 18. Din-values (kGy) of bacteria in l i qu id culture media 
Agar medium 
NA MA 
Bacterium 10 10 
Escherichia co l i K12 NDA 
Escher i ch ia cöTT K12 NDA 
Escherichia cöTT K12 NDA 
K12 Escherichia co l i  NDA 
freudenreichi i Micrococcus 
























































































































Table 19. D e v a l u e s (kGy) of salmonellae i r radiated at d i f fe rent 
temperatures 
Agar medium NA MA 
Serotype D,Q n D,n 
Radiation temperature : +5 C 
agona 
anatum 






Radiation temperature : -18°C 
agona 0.46 6 0.46 







n = number of doses applied; N.D. = not determined 
The results in the tables 18 and 19 give a good impression of the 
sens i t i v i t y of bacteria towards ioniz ing radiat ion as expressed by the i r 
DjQ-values. The range in which these values can be found is c lear ly 
demonstrated. 
The Deva lues did not d i f f e r s ign i f i can t l y whether they were obtained in 
NA or in MA. Two exceptions to th is rule were found : Escherichia co l i K 12 
NDA 0.43 versus 0.31 kGy and Salmonella panama 0.48 versus 0.35 kGy. 
In table 19 the D e v a l u e s of Salmonella muenchen were found to be higher 
than the D^-values of the other serotypes. However, a s t a t i s t i c a l 
super ior i ty could not be ascertained. I r rad ia t ion at -18°C gave an increase 


















































Table 20. D,Q-values (kGy) of 3-hours' cultures of Escherichia co l i K12 










NNN : pre-grown in NB, irradiated in NB, cultured in NB 
MMM : pre-grown in MM, irradiated in MM, cultured in MM 
n = number of doses applied 
Effect on D,„-values of the pre-growing culture medium used. 
The experiments were carried out with Escherichia coli K12 which bacterium 
showed Din-va1ues comparable with those of the Salmonella panama strain 
used in previous experiments. Only 3 hours' cultures were used in these 
experiments. The D^-values obtained are presented in table 20. 
With 3-hours' cells there was a difference in D,„-values between the series 
of media used. Higher values were found when nutrient media were dominant 
in the combination of media used. One exception to this rule was found : 
the D1 -value of 0.28 kGy with the combination of media NMN. 
When minimal media were dominant, the Devalues varied between 0.25 and 
0.33 kGy. The highest D^-values were found when nutrient broth was used as 
the medium in which the cells were irradiated (0.53 - 0.81 kGy). 
Effect on D..„-values of the physiological condition of Escherichia coli 
K12 and of Salmonella panama. 
In this experiment 1, 2, 3 and 9 hours' cultures of Escherichia coli K12 
were used. According to their growth curve the bacteria were in the 
stationary phase of growth after 9 hours of incubation. This experiment was 
carried out to test the theory that cells at the end of their logarithmic 
growth phase are less resistant to ionizing radiation than early log phase 
cells are, but that they are more resistant than stationary growth phase 




21 . Effect of the 
co l i K12 cel ls 













1 hour NNN 0.31 4 NMN 0.25 4 
2 hours 0.36 4 0.25 4 
3 hours 0.66 4 0.28 4 
9 hours 0.68 4 0.30 4 
1 hour MNN 0.27 4 NMM 0.24 3 
2 hours 0.25 4 0.22 4 
3 hours 0.81 4 0.26 4 
9 hours 0.38 4 0.30 4 
1 hour MMN 0.24 3 NNM 0.28 4 
2 hours 0.25 4 0.31 4 
3 hours 0.25 3 0.74 4 
9 hours 0.39 4 0.47 4 
1 hour MMM 0.22 3 NMN 0.25 4 
2 hours 0.24 3 0.25 4 
3 hours 0.33 3 0.28 4 
9 hours 0.33 3 0.30 4 
n = number of doses applied 
The highest D^-values were generally found with 3-hours' cultures on a 
combination of media in which the rich nutrient medium was dominant. In 
combinations of media in which the minimal medium and agar were dominant, 
DjQ-values of 9-hours' cultures were maximal. In these media the bacteria 
have relatively small amounts of nutritive compounds available, so the 
cells need more time to produce radio-protective compounds; therefore the 
younger cultures are more sensitive towards ionizing radiation. 
Table 22 gives the D-^-values of Escherichia coli K12 and Salmonella panama 
in relation to their physiological age. 1, 3.5 and 20 hours' cultures were 
used. Differences with the D-^-values recorded in the previous table are 
possible, since a different isolation method was used. 
In MM, the D-^-values of Escherichia coli of an 1 hour culture in the early 
logarithmic phase of growth, were lower (P<0.01) than those of 20-hours' 
stationary phase cells. This D-^-value was as high as the D-^-value found 
with stationary phase cells. 
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Table 22. Effect of the physiological age on D-^-values (kGy) of 
Escherichia coli K12 and Salmonella panama 
Media 
NB/NA MM/MA 
D 1 0 n D 1 0 n 
Escherichia coli K12 NDA 
1 hour 0.47 7 0.19 7 
3,5 hours 0.32 7 0.23 6 
20 hours 0.43 8 0.31 8 
Salmonella panama 
1 hour 0.41 7 0.28 7 
3,5 hours 0.31 7 0.30 7 
20 hours 0.48 8 0.35 7 
n = numbe r of doses applied 
Tabl e 23. Din-values (kGy) of Escherich 






















































n = number of doses applied 
The 3.5-hours' cultures consisted of logarithmic phase cells. The results 
obtained with Salmonella panama did not differ significantly. 
Results of experiments with cells of both strains 1 to 9-hours' are given 
in table 23. 
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The D,„-value of an 1 hour cul ture of Escherichia co l i K12 NDA di f fered 
(P<0.05) from the values found with other cultures (3, 4 and 9 hours). The 
D „-value of a 2 hours' cul ture of Salmonella panama d i f fered (P<0.05) from 
1 , 6, 7, 8 and 9 hours' cul tures. The high D e v a l u e of 1 hour cultures was 
s t r i k i n g . 
Influence of a pre-enrichment medium on the recovery of Escherichia co l i 
K12 and Salmonella panama af ter i r r ad ia t i on . 
In table 24 the results are given of an experiment in which Escherichia 
co l i K12 NDA was used. The medium in which the ce l ls were i r rad ia ted was 
Brain Heart Infusion broth (BHI) or BP and the plat ing was done in PCA. 
The highest D e v a l u e s were estimated from a d i rect p lat ing in PCA. The 
d i f fe ren t pre-enrichment media did not cause differences in the Deva lues 
of the Escherichia co l i K12 NDA st ra in used. 
A s imi lar experiment was carr ied out with Salmonella panama. Table 25 gives 
the resu l ts . No s ign i f i cant differences were found between the D e v a l u e s . 
Table 24. Deva lues (kGy) of Escherichia co l i K12 NDA af ter d i f fe rent 
treatments 




2 hours at +7°C 











































n = number of doses applied 
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Table 25. D^-values (kGy) of 
Medi um 
colony count on NA NB 
colony count on MA NB 
count after LB on NA NB 































n = number of closes applied 
The conclusion of these experiments is, that if sublethal damage of the 
cells caused by irradiation occurred, it was either repaired within 2 
hours or was still unrepaired after 19 hours of incubation at + 7 T . 
Influence of cfu concentration on D^-values. 
Table 26 lists the results of these experiments which were carried out with 
Escherichia coli K12. D-^-values estimated in experiments in which the 
initial cfu concentration was below (log cfu) 3.00 / ml are not very 
accurate. 

















































The plating medium was VRB + 200 ppm NDA 
n = number of doses applied; - = not determined 
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Therefore a presence or absence test was carried out to estimate at which 
doses no Escherichia coli K12 NDA could be detected. 
The results of the enrichment tests in EE broth tubes are given in table 
27. 
Table 27. Survival of Escherichia co l i K12 NDA af ter d i f ferent radiat ion 
doses 
Dose (kGy) 0.50 1.00 1.50 2.00 
Concentration 


















































+ = growth af ter enrichment in EE-broth and p lat ing 
- = no growth af ter enrichment in EE-broth and p lat ing 
When the i n i t i a l cfu concentration was log 2.38 / ml, a dose of 2.50 kGy 
was su f f i c ien t to obtain negative resu l ts ; only with ( log) 1.73 / ml a dose 
of 1.50 kGy was su f f i c ien t to th is respect. 
This means that a 3 - 3.5 log cycle reduction in the number of cfu of 
Escherichia co l i results from a dose of 2.00 kGy. The calculated D e v a l u e s 
would than be 0.50-0.60 kGy, which values are comparable with data in 
l i t e r a t u r e , and agree pretty well with those found in th is invest igat ion. 
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The cfu-concentration (NQ ) had no effect on D,„-values (table 26) as 
anticipated; cf. Section 4.7. From a methodological point of view it is 
better to use initial cfu concentrations of approx. (log/ml) 8.00 - 9.00. 
In that case the effect of the radiation treatment can be studied better, 
as more measuring points can be obtained before the number of cfu's becomes 
too low to be accurately determined. 
Influence of oxygen on D-^-value of Escherichia coli K12 NDA. 
It is well known that microorganisms are more sensitive towards ionizing 
radiation when the oxygen partial pressure in the surrounding medium or 
atmosphere is high. One experiment was carried out to investigate the 
effect of the presence of oxygen on D^g-values of the Escherichia coli K12 
strain. The results are given in table 28. 
Table 28. The effect of oxygen partial pressure on the D,n-value (kGy) of 
Escherichia coli K12 NDA 

























n = number of doses applied 
The liquid medium in which the cfu had been grown was flushed with nitrogen 
gas replacing the oxygen present. From the results the effect of an 
addition of nitrogen to replace oxygen is not clear. No significant 
differences were found. Therefore the theory was not substantiated. 
It occurred to us that, because of the way of transportation to the 
radiation source, more oxygen than expected had been dissolved in the 
medium, giving lower D-^-values than one normally should expect under 
anoxic conditions. 
To investigate this possibility 1, 2 and 3 hours' liquid cultures of both 
Escherichia coli K12 NDA and Salmonella panama were shaken in a water bath 
(T = 20 C) and the oxygen partial pressure measured. 
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I t appeared that no extra oxygen was dissolved in NB or in MM under these 
conditions and therefore neither during t ransportat ion. The way of 
transportat ion therefore did not af fect the D, „-value and the reason for an 
absence of an oxygen ef fect remained obscure. 
6.4. Conclusions. 
The experiments reported in th is chapter allow the fol lowing conclusions: 
1. Bacteria have no f ixed D,Q-value ; Deva lues can be found wi th in 
a certain rather broad range 
2. There is an ef fect on Deva lues of the radiat ion temperature 
3. No ef fect on D,„-value of the i n i t i a l number of c fu 's could be 
demonstrated 
4 . There is an ef fect on D, „-values of d i f fe rent media used 
5. The ef fect of a dose of 2.50 kGy on pure cultures can be estimated 
wi th in certain l im i t s 
6. No ef fect of oxygen par t ia l pressure could be substantiated. 
7. Deva lues of Salmonella and Escherichia co l i did not d i f f e r 
s i gn i f i can t l y . Generally, D^-values of salmonellae tended to a higher 
value, but the s ta t i s t i ca l super ior i ty above Deva lues of Escherichia 
co l i could not be demonstrated. 
8. The ef fect on D^-values of the d i f fe rent media used before, during and 
af ter i r rad ia t ion was equal for the strains used. 
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CHAPTER 7 
7. Di o-VALUES OF MICROORGANISMS ON 
ARTIFICIALLY CONTAMINATED SKIN SAMPLES 
AND BROILER CARCASSES 
7 . 1 . Int roduct ion. 
A d i f f i c u l t y in assessing the ef fects of ioniz ing radiat ion on salmonellae 
on bro i le r carcasses is the low i n i t i a l number of these bacteria per 
carcass. This, as explained in the previous chapter, seriously interferes 
with the assessment of re l iab le A -values. For th is reason experiments were 
carr ied out with a r t i f i c i a l l y contaminated skin samples and b ro i le r 
carcasses. The strains used were Escherichia co l i K12 NDA, Salmonella 
niloese and Salmonella panama. The influence of the radiat ion temperature 
on D -values of these test strains was par t icu la r ly studied, in view of 
the impact of such effects for poultry radicidat ion in pract ice. 
7.2. Method for the a r t i f i c i a l contamination of b ro i le r carcasses. 
Tables 29, 30 and 31 give the results of the tests carr ied out to assess 
the repeatabi l i ty of the contamination methods. The thaw water referred to 
in table 29 is the f l u i d , released from the carcasses immediately af ter 
a r t i f i c i a l contamination. Counts obtained by the r insing technique and 
counts obtained from skin samples were compared. 
Table 29. Mean and standard deviation of counts ( log cfu/ml) of Escherichia 
co l i K12 NDA in thaw water from a r t i f i c i a l l y contaminated 
carcasses 
Tr ia l (5 carcasses per t r i a l ) 














Table 30. Mean and standard deviation of counts (log cfu/ml) of Escherichia 
coli K12 NDA and Salmonella panama in rinsing water from 
artificially contaminated carcasses 
Trial (5 carcasses per trial) 













5.88 5.81 5.36 4.61 3.69 
0.03 0.21 0.06 0.12 0.13 
Table 31. Mean and standard deviation of counts (log cfu/10 cm ) of 
Escherichia coli K12 NDA and Salmonella panama on skin samples 
from artificially contaminated carcasses 
Trial (5 carcasses per trial) 





















The differences in standard deviations between the counts in thaw water and 
in rinsing water were small, though in favour of the former. The standard 
deviations found with artificially contaminated samples were lower than 
those obtained with naturally contaminated samples. Counts of skin samples 
(Salmonella panama) gave a definitely lower repeatability in comparison 
with the counts in thaw and rinsing water. 
In conclusion it can be said that the results obtained by the method of 
artificial contamination were satisfactory. 
7.3. Irradiation at +5°C and at - 1 8 ^ . 
Table 32 summarizes the results of experiments in which skin samples were 
artificially contaminated with Escherichia coli K12 NDA and Salmonella 
panama. Two contamination levels were applied, viz. log cfu 3.00 and log 
2 
cfu 7.00 per 10 cm of skin. 
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For the artificially contaminated skin samples it was demonstrated that a 
radiation dose of 2.50 kGy applied at +5°C and at -18°C did not suffice to 
eliminate Salmonella panama, even when the low contamination level of (log 
cfu) 3.00 per 10 cm of skin was used. Escherichia coli K12 NDA could, at 
that contamination level, not be detected after irradiation at +5 C, though 
positive samples were found after irradiation at -18 °C. These data 
substantiate our hypotheses that lower temperatures protect against 
radiation induced death and that Escherichia coli can not always be used as 
a reliable index organism for salmonellae. 
Table 32. The effect of irradiation with 2.50 kGy at +5°C and at - 18°C on 
Escherichia coli K12 NDA and Salmonella panama on skin samples 
Radiation temperature : + 5°C 
Escherichia coli K12 NDA Salmonella panama 
Contamination level 
(log cfu / 10 en/) 3.00 7.00 3.00 
0 2.50 0 2.50 0 2.50 
Number of samples 50 50 61 61 47 50 
Posit ive samples 49 0 61 58 46 15 
Radiation temperature : -18 C 
Contamination level : 
( log cfu / 10 cnT) 3.00 7.00 3.00 
Number of samples 48 50 50 50 48 
Posit ive samples 48 4 50 41 48 




Table 33 gives the results of the experiments in which Escherichia co l i K12 
NDA, Salmonella niloese and Salmonella panama were used. 
The D,Q-values in table 33 are given in re la t ion to the contamination level 
of the bacteria in the inoculation bath. The D^-values of Escherichia co l i 
K12 NDA estimated at a radiat ion temperature of +5°C were lower (P<0.05) 
than the other values. The mean D,„-values for Escherichia co l i K12 NDA, 
Salmonella niloese and Salmonella panama at a radiat ion temperature of +5°C 
were 0.36, 0.62 and 0.67 kGy respectively. 
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Table 33. D-m-values (kGy) of Escherichia co l i K12 NDA, Salmonella niloese 
and Salmonella panama on a r t i f i c i a l l y contaminated b ro i l e r 
carcasses af ter i r rad ia t ion at +5°C and - 1 8 T . 
Radiation temperature : +5 C 


























Radiation temperature : -18 C 





















































n = number of doses applied 
Irradiation at -18°C gave higher (P<0.05) D.. -values for Escherichia coli 
K12 NDA. The temperature of -18°C during irradiation gave once more an 
extra protection against radiation induced death. 
The Devalues of Salmonella panama found in rinsing water and in thaw 
water were lower (P<0.05) than those estimated on the skin. 
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The experiments at -18°C showed an increase in D10-value to about 2 times 
the value measured at a temperature of +5 C. Evidently both the skin and 
the low radiation temperature seemed to protect the attached salmonellae 
very effectivily (Dig= 1-29 compared to 0.67 kGy). 
For skin samples the same high D-^-values were found for Salmonella 
niloese. 
In table 34 the results of experiments with Escherichia co l i K12 NDA using 
d i f fe rent levels of contamination in the inoculation bath are given. 
Deva lues (kGy) of Escherichia co l i K12 
level of contamination in the inoculation 
Table 34. i n-valu  NDA in re la t ion to the 
i bath 
Contamination level Skin 
( log cfu/ml) D10 
6.40 0.65 5 
5.40 0.45 5 
5.00 0.47 5 
Thaw water 
7.00 0.73 5 
6.00 0.68 5 
5.00 0.73 5 
n = number of doses applied 
The Dj.-values are given for skin samples and for "thaw" water. 
The cfu concentration in the inoculation bath and therefore on the 
carcasses had no influence on the D.g-values. This was also found in the 
experiments reported in chapter 6. 
I r rad ia t ion of b ro i le r carcasses under ni trogen. 
Table 35 gives the results of an experiment in which normal packed bro i le rs 
and bro i lers packed under nitrogen conditions were i r radiated af ter 
a r t i f i c i a l contamination with Escherichia co l i K12 NDA. The radiat ion 
temperature was -18 °C. 
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Table 35. Djg-values (kGy) of Escherichia co l i K12 NDA from skin samples 
and thaw water of b ro i le r carcasses treated with and without 
nitrogen-gas. 
Skin 
Normal packed broilers 
Broilers under nitrogen conditions 
Thaw water 
Normal packed broi lers 











n = number of doses applied 
No s ign i f i cant differences in D^-values were found when carcasses were 
i r rad ia ted under nitrogen condit ions. In that par t icu lar experiment the 
DjQ-values d i f fered s l i gh t l y from the previously estimated data. 
7.5. Discussion. 
The Deva lues obtained explain the f indings in table 32. A dose of 2.50 
kGy may achieve a 6-log cycles reduction of Escherichia co l i K12 NDA; in 
case of the low contamination level no surviving c fu 's were detected af ter 
radiat ion treatment at +5 or,. 
A dose of 2.50 kGy provides a 4-log cycles reduction of cfu of Salmonella 
niloese and Salmonella panama. With D e v a l u e s (measured on skin samples) 
of approx. 0.71 kGy for Escherichia co l i K12 NDA and of approx. 1.29 kGy 
for Salmonella panama, af ter i r rad ia t ion at -18 °C, i t is understandable 
that skin samples were found posi t ive af ter a radiat ion treatment. 
In comparison with the mean Deva lues for Escherichia co l i K12 NDA in 
l i qu id media {pre-grown and i r radiated in NB, the counts were estimated in 
MA) of 0.41 kGy, these experiments showed an increase in D^g-value. The 
high D^Q-values obtained with skin samples af ter i r rad ia t i on at -18°C, must 
be caused by th is low temperature during treatment. 
The mean D-^-values of Salmonella panama in l i qu id media (pre-grown and 
i r rad ia ted in NB) was found to be 0.52 kGy. The experiments at a radiat ion 
temperature of +5 °C gave a D^g-value of 0.56 kGy. The high D20-values 
obtained with skin samples must be due to protection against i r rad ia t ion 
provided by the b ro i le r sk in, together with the influence of the low 
radiat ion temperature. 
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The results of the experiments described here and those in chapter 6 differ 
in several points. The Dln-values of the enteric bacteria in liquid and 
solid culture media were of the same magnitude; with artificially 
contaminated carcasses differences in D 1 -values of Salmonella strains and 
Escherichia coli were observed. In both investigations the same influence 
of the radiation temperature on D.. -values could be assessed. No 
differences were found when D^-values were estimated in dependence of the 
initial cell concentration used. An influence of oxygen partial pressure on 
D,Q-values could not be ascertained. 
For public health reasons the presence of microorganisms in thaw water 
obtained upon thawing of the carcasses is important, because of the 
possibility of transfer of pathogens to other food products and kitchen 
utensils. The D,„-values of the bacteria tested in thaw water were 0.70 kGy 
for Escherichia coli and 0.65 kGy for Salmonella panama. Under the 
assumption of the 7 D - concept (Section 4.7.) the required lethality of 
the radiation treatment can be calculated at a dose of 4.90 to 4.55 kGy. 
If it is assumed that on an average (log cfu) 3.00 Escherichia coli and 
2.00 salmonellae per ml (260) are present, the 7 D,»- concept would lead to 
1 positive carcass in 10,000 and 100,000 respectively. 
The other approach to assess the required lethality of the radiation 
treatment is to set the number of microorganisms tolerated after the 
treatment; cf. Section 4.7. In case of radicidation this assumption is the 
absence of one cfu of Salmonella in the end product. The initial number of 
cfu's of salmonellae varies between 1 and 1,000 per ml of thaw water. The 
required dose would then be 3 D,„= 1.95 kGy. 
For Salmonel 1 a-bacteria attached to the skin the 7 D...- concept leads 
to a dose of approx. 9.00 kGy, when Salmonella panama was irradiated at 
-18 C and to a dose of 4.50 kGy when the radiation treatment was performed 
at +5 °c. 
In the literature such high doses are also occasionally reported for the 
elimination of salmonellae (201,230,343). 
Salmonella niloese and Salmonella panama behaved similarly with respect to 
DjQ-values on artificially contaminated carcasses. Perhaps in case of 
artificially contaminated carcasses, salmonellae meet less competition from 
the naturally present microflora than Escherichia coli K12 NDA, resulting 
in a stronger attachment of the salmonellae to the skin. 
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From the experiments it is evident that the representatives of the family 
of Enterobacteriaceae tested, Escherichia coli K12 NDA, Salmonella niloese 
and Salmonella panama showed markedly different resistance to ionizing 
radiation. It is therefore questionable whether Escherichia coli can be 
used as an index organism for salmonellae. The suitability of the entire 
group of Enterobacteriaceae will be discussed below. 
The data obtained from the artificially contaminated carcasses and from the 
experiments in liquid culture media indicate that D -values for Salmonella 
vary between D = 0.30 and D = 1.30 kGy. Even duplicate tests showed 
substantial differences. 
In table 36 a calculation is made of the proportion of the total broiler 
production (3.0 x 10 kilograms per year) remaining Salmonella-positive 
despite having been subjected to a radiation treatment with 2.50 kGy. The 
following assumptions were made : the contamination rate with Salmonella 
varies from 5 to 50 percent and the mean number of salmonellae per carcass 
varies from 5 to 100 cfu. 
Table 36. Calculation of proportion of contaminated carcasses remaining 
after irradiation with 2.50 kGy 
Total broiler production : 3.0 x 10 kilograms; Din-value = 0.80 kGy 
Mean of salmonellae 
(cfu) 
Percentage of broilers 
initially contaminated 
10" 




























If a Devalue of 0.80 kGy and a contamination rate of 25 % and 100 cfu's 
of Salmonella are assumed, after the treatment of the whole broiler 
production with a dose of 2.50 kGy, one in 55 carcasses is still 
contaminated with Salmonella. 
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The radiation treatment therefore causes a decrease in Salmonella 
contaminated carcasses of approx. 14 times. 
If D,0= 0.30 kGy had been chosen the reduction in Salmonella contaminated 
carcasses would have been 220,000 times; with D. = 1.30 kGy this reduction 
would only have been approx. 3 times. 




8. EFFECT OF A DOSE UP TO 2.50 KGY ON 
SALMONELLAE AND ENTEROBACTERIACEAE ON 
BROILER CARCASSES 
8.1 . Introduction. 
In this chapter results of experiments with a dose of 2.50 kGy, measuring 
the effect on salmonellae and other microorganisms naturally present on 
carcasses, will be reported. Quantitative and qualitative determinations 
were carried out. The quantitative assessments were carried out by the Most 
Probable Number (MPN) technique. 
The effect of the application of low doses of ionizing radiation followed 
by a freezing process and a second radiation treatment was also determined. 
The total dose applied never exceeded 2.50 kGy (respectively 0.50 and 2.00 
kGy; 1.00 and 1.50 kGy). 
These experiments have been repeated using carcasses that have been stored 
at -18 C for 4 months and after being irradiated with a total dose of 2.50 
kGy before and after freezing. This experiment allowed to answer the 
question whether the effect of a radiation treatment, either at +5 C or at 
- 18 C, could advantageously be combined with a storage period at -18 C. 
8.2. Estimation of the effect of 2.50 kGy on salmonellae and 
Enterobacteriaceae on samples of ducks and broilers. 
Duck- and broiler skin samples. 
Table 37 gives the results of the experiments with neck skin samples of 
ducks. The radiation temperature was +5 °C. The number of Salmonella-
contaminated skin samples was decreased 3 times. At the same radiation 
temperature three experiments were carried out with 100 samples of broiler 
neck skin each, in order to determine the effect of an ionizing radiation 
dose of 2.50 kGy. In two experiments all samples were found negative before 
and after the radiation treatment. In the third experiment 1 sample was 
found positive before irradiation. The serotype was infantis. After the 
radiation treatment all samples were found negative. 
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Table 37. The effect of a radiation dose of 2.50 kGy on salmonellae on duck 
skin. 














Table 38 gives the results with respect to the number of deep-frozen 
broiler carcasses contaminated with salmonellae and the effect of a 
radiation treatment applied at -18°C on the number of salmonellae on these 
carcasses. The radiation dose was 2.50 kGy. 
Table 38. Salmonella contamination of deep-frozen broiler carcasses 
before and after a radiation treatment with 2.50 kGy. 
































































The following serotypes were isolated : before irradiation : agona (15x), 
heidelberg (25x), infantis (8x), montevideo (lx), newport (lx) and thompson 
(lx). After irradiation the following serotypes were isolated : agona (lx), 
heidelberg (2x), newport (2x) and thompson (2x). 
The effect of a radiation dose of 2.50 kGy on the mean and the standard 
deviation of the logarithm of counts of the entire group of 
Enterobacteriaceae is given in table 39. 
Table 39. Mean and standard deviation of counts of Enterobacteriaceae 
(log cfu per 10 cnr or per ml) on frozen carcasses before 
irradiation with a dose of 2.50 kGy 












































After the radiation Enterobacteriaceae were 
found, i.e. the cfu counts were below (log) 1.00 per 10 cm of skin or per 
ml of thaw water. The findings indicate that with a dose of 2.50 kGy one 
log cycle reduction can be obtained in the number of Salmonella 
contaminated broiler carcasses, whereas the number of cfu of 
Enterobacteriaceae is decreased by 2 to 3 log cycles. The latter results 
were obtained for both types of samples : skin and thaw water specimens. 
8.3. Determination of salmonellae on refrigerated and deep-frozen 
broiler carcasses before and after irradiation with 2.50 kGy. 
Tables 40 and 41 show the MPN counts of salmonellae on 1,000 cm skin of 
refrigerated carcasses, before and after a radiation treatment with 2.50 
kGy. The temperature of the carcasses during the experiments was either +5 
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After i r rad ia t i on with 2.50 kGy at +5 °C two samples were Salmonella-
pos i t ive. The serotypes isolated were agona and in fan t i s . No Salmonella-
posi t ive samples were found on the skin a f ter a radiat ion treatment at -18 
°C. Table 42 gives the approximate 95% two-side confidence intervals of the 
MPN counts in table 40. 
Table 42. Approximate 95% two-side confidence interval of MPN counts of 
salmonellae on skin samples of refr igerated bro i le r carcasses 
before i r rad ia t ion with 2.50 kGy 
Laboratory 1 2 









lower bound estimate upper bound 
Similar results of MPN's of Salmonella in broilers were recently reported 

























8.4. Estimation of the effect of irradiation at + 5 ^ , deep-freezing and 
irradiation at -18°C with a total dcse of 2.50 kGy on Enterobacteriaceae 
and salmonellae. 
The results of these experiments are presented in tables 43 and 44. On the 
broiler carcasses which were irradiated with 0.50 kGy and 1.00 kGy at a 
temperature of +5 °C, deep-frozen at -18°^ and irradiated again at - 1 8 ^ 
with 2.00 kGy and 1.50 kGy, respectively, no surviving Enterobacteriaceae 
were detected. The Salmonella isolations are summarized in table 44. 
As could be expected salmonellae were isolated from carcasses which had 
been treated with a maximum dose of 1.00 kGy. 
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Table 43. The ef fect of i r r ad ia t i on , deep-freezing and i r rad ia t ion on the 
Enterobacter!aceae (log cfu/ml or 10 cm^) on bro i le r carcasses 
( to ta l dose 2.50 kGy) 
Dose (kGy) Skin Thaw water 
refr igerated af ter thawing refr igerated af ter thawing 
0 3.56 3.36 3.54 3.07 
0.50 1.23 (+) 1.52 (+) - (+) - (+) 
1.00 - (-) 1.83 (-) - (-) - (-) 











isolations from broiler carcasses after different 
50 kGy 
serotype 
Skin Thaw water 
: thompson serotype : thompson 
: thompson : saint-paul 
: thompson 









Means and « 














deviations of Enterobacten'aceae counts (log 
after different treatments and storage at 
Frozen Frozen + irradiated, 
carcasses irradiated + frozen, 
dose 2.50 kGy 
s thaw water s 
0.26 5.96 0.43 
0.77 4.27 0.35 No Enterobacten'aceae 
0.64 5.52 0.22 were detected 
0.72 3.85 0.32 
1.11 3.73 0.58 
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a. the samples may not have been representative for the whole poultry 
production 
b. no data on the initial Salmonella contamination level of the sampled 
carcasses are available. 
The results of slaughter-house 8, where a Salmonella-positive skin sample 
was found after the radiation treatment, despite a negative outcome of the 
examination of the non-radiated specimens, may have been caused by chance. 
The probability of this particular result could not be assessed, though a 
general model using the parameters given in 4.7.1. to assess probabilities 
of the lethality of a radiation treatment with a dose of 2.50 kGy is 
presented in 8.6. 
After irradiation salmonellae were isolated from two out of a total of 48 
pooled samples of refrigerated carcasses. These salmonellae were isolated 
from samples with a low degree of contamination before irradiation. 
This finding is not so surprising as : 
1. the carcasses are not uniformly contaminated 
2. the radiation dose applied allows survivors as could be anticipated 
from previous experiments. 
The findings in table 40 for the untreated samples of skin from batches 
9-24 show that laboratory 1 yielded systematically higher counts than 
laboratory 2. As the sign-test for the differences of laboratory counts was 
-4 highly significant (P<3 x 10 ), it was concluded that the differences 
found are not due to random variation. As far as could be ascertained no 
systematical difference existed between the various procedures followed. 
The results of laboratory 2 for the batches 8 and 12, before and after 
irradiation, show that after the radiation treatment with 2.50 kGy 
Salmonel1a-positive samples can be found. It can be excluded that the 
reason for these findings lies in a laboratory contamination as suggested 
in literature (145). 
Results of previously described experiments indicate an effect on D -
values of both Salmonella panama and Escherichia coli of: 
1. the culture media used before and after irradiation; 
2. the radiation temperature; 
3. the substrate in which irradiation took place. 
However, no effect on D-^-values could be ascertained for cell 
concentration and oxygen partial pressure. 
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Devalues of test strains were found to comprise a certain range; 
duplicate tests often gave substantially varying D ^ -values. 
In case of artificially Salmonella panama-contaminated carcasses, a 
protective action against ionizing radiation provided by broiler skin was 
demonstrated. This was not found in experiments in which Escherichia coli 
was used. 
Applying the 7 D,Q- concept here would lead to a required dose of approx. 
9.10 kGy. On an average 100 cfu of Salmonella were present per pooled 
sample of 5 half carcasses. The approach to fix N f, i.e. the absence of 
Salmonella in the specimens after irradiation at -18°C would result in a 
radiation dose of approx. 2.50 kGy. The finding of two Salmonella-positive 
samples after irradiation with 2.50 kGy indicates that other factors 
interfere. In the first place there is a variance in the number of cfu's of 
Salmonella: local NQ values higher than 1,000 are possible. Secondly the 
probability of finding Salmonel 1 a-positive samples after irradiation can 
not be exactly calculated as the distribution of the number of sal monel lae 
in skin samples of 5 half broiler carcasses and the distribution of the 
salmonellae on the skin of a group of carcasses are not known. In 8.6. a 
model is presented, by which this probability is assessed taking into 
account several assumptions regarding the parameters which influence the 
lethality of a radiation treatment. 
It is questionable whether the MPN method as applied could have influenced 
the findings. Almost 75 percent of the primary macerate was used for the 
dilution series. It may therefore be that the usual assumption of the MPN 
method, i.e. that the number of salmonellae in test tubes are independently 
(Poisson) distributed, no longer holds. In case of dilution series, the 
number of salmonellae in the various test tubes and the remaining part of 
the primary macerate is assumed to follow a multinomial distribution. A 
simulation study (367) was performed to find out whether the MPN method 
could give useful 1 results under a multinomial model. 
For fixed concentrations of salmonellae in the primary macerate the 
dilution series used were simulated under a Poisson model as well as a 
multinomial model for the numbers of salmonellae in the test tubes. 
The simulation study did not show differences between both situations; 
therefore the MPN method as applied gave valid results for the dilution 
series used. 
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The fact that no Salmonella survivors were found in irradiated deep-frozen 
carcasses seems to contradict reports in literature (207), where it was 
shown that a radiation treatment at freezing temperatures was less 
effective than the same dosage at refrigeration temperatures (see also 
chapters 6 and 7). 
Possibly the lethal effect of frozen storage induces a stronger lethality 
of later irradiation on non-sporing microorganisms. 
From these experiments it is evident that the use of a radiation treatment 
with a dose of 2.50 kGy (the maximum dose approved by the Dutch Health 
Council for refrigerated poultry carcasses is 3.00 kGy; nowadays 10.00 kGy 
is accepted by the World Health Organization) considerably contributes to 
the elimination of salmonellae from broiler carcasses, but that no 100% 
Salmonella-free product can be guaranteed. A reduction in total 
Enterobacteriaceae counts of three log cycles can be obtained. As the 
Salmonella contamination of the broiler carcasses was low, it can be 
expected that by a treatment with 2.50 kGy, the Salmonella hazard at the 
slaughtered product is decreased considerably. 
Estimation of the effect of irradiation at +5°C, deep-freezing and 
storage at -18 C irradiation and storage at -18°C with a dose of 2.50 kGy. 
The effect of irradiation on refrigerated and deep-frozen carcasses with 
respect to the numbers of Enterobacteriaceae is evident. Also after storage 
at -18 C for 4 months no cfu of Enterobacteriaceae was detected. In this 
respect there was a decrease in cfu found on the skin and also in the thaw 
water during the frozen storage period. 
During the 4 months' storage period the group of deep-frozen carcasses 
proved Salmonella-positive every month, whereas the irradiated carcasses, 
irradiated in the refrigerated or frozen condition, were negative after 3 
months (table 46). 
No salmonellae could be found with any of the isolation methods described 
before. Among refrigerated carcasses a relatively low percentage positives 
was estimated. It is evident that more salmonellae are isolated from thaw 
water than from skin samples. This can be caused by the fact that the thaw 
water samples were examined undiluted whereas the skin samples had to be 
diluted 1:5 in peptone saline solution. A reason may also be the attachment 
of bacteria to the skin, not detaching during enrichment of the samples, 
although this is not likely because of the bile salts present and the high 
temperature (43 C) applied during enrichment. 
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A factor may also be the fact that the presence of a competitive microflora 
consisting of Escherichia coli, Citrobacter, Proteus and Pseudomonas 
species interferes with the detection of Salmonella on refrigerated 
carcasses. 
The i r rad ia t ion of carcasses under refr igerated conditions seems to give 
higher l e t h a l i t y than applying the same process under frozen condit ions. 
This is generally reported in l i t e r a t u r e , when the influence of temperature 
on radiat ion sens i t i v i t y is studied (207). However, the differences found 
in these experiments ( i r r ad ia t i on at +5 C versus -18 C) had no s ta t i s t i ca l 
s igni f icance. 
I r rad ia t ion and subsequent storage of the carcasses at - 1 8 x leads to a 
Salmonella-free product wi th in 3 months. Therefore th is combined process 
i s a very promising method in attempts to reduce the dissemination of 
Salmonella. 
8.6. A model aiming at the assessment of the le thal e f fect of 
i r rad ia t ion on salmonellae in b ro i l e r carcasses. 
Several parameters exert a d i s t i nc t e f fect on the l e t h a l i t y of a radiat ion 
treatment of Salmonella in b ro i le r carcasses. To estimate the probabi l i ty 
[P(0) ] of f inding a Salmonella-positive carcass before and af ter 
i r rad ia t i on with a dose of 2.50 kGy i t was tried to appraise the numerical 
value of the parameters given in 4 . 7 . 1 . In the Model, assumptions were made 
regarding the fol lowing parameters: 
1 . The average number of c fu 's of Salmonella in carcasses. 
Results of experiments reported in tables 40, 41 and 42 were used. 
Average c fu 's of Salmonella of 2, 10, 60 and 1,000 per carcass were 
assumed. 
2. The l e t h a l i t y of i r r ad i a t i on . 
D^g-values given in chapters 6 and 7 were used; they ranged from 0.30 
to 1.30 kGy; the lethal e f fect of a dose of 2.50 kGy therefore being 
approx. 8 to 2 log cycles. In the model l e t h a l i t i e s of 1 , 2 and 3 were 
used. 
3. The Salmonel1a-detection level achieved by the Salmonel1 a- i sol a t i on 
method employed. 
As no data were available i t was postulated that i f Salmonella is 
present, 1 or more c f u ' s , 2 or more c fu 's and 4 or more c fu 's may be 
detected. 
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The computations were made with the fol lowing assumptions: 
1. The average numbers of c fu 's of Salmonella per carcass (p) are Poisson 
d is t r ibu ted . 
2. The l e t ha l i t y is named A. The probabi l i ty of survival is 1 - A. I t is 
assumed that ioniz ing radiat ion h i ts every bacterial cel l in the same 
way. 
3. Assuming k c fu 's of Salmonella in the carcass, the survivors 1 are 
binomial d is t r ibu ted , with parameters k and A. 
4. The skin or thaw water sample examined contain a l l salmonellae present. 
With these assumptions i t is possible to assess the probabi l i ty [P(0) ] of 
f ind ing a Salmonella-positive carcass in an a-select ly chosen number of 
carcasses. 
P{0)(before i r rad ia t ion) = — y ~ ; 1 = 0 , 1 , 2 , . . . 
P(0)(af ter i r rad ia t ion) = •, ) ( 'v' ; 1 = 0,1,2, , 
From the l a t t e r formula i t can be concluded that the number of surviving 
c fu 's of Salmonella is Poisson d is t r ibuted with an average ( l - p ) . 
I f i t is assumed that the Salmonella-isolation methods needs 2 or more 
c f u ' s , 3 or more c fu 's and 4 or more c f u ' s , the formula for P(0) is : 
4 -u 1 
P(0)(before irradiation) = 1 - 2 -— • £ -
0 ' ! 
P(0)(af ter i r rad ia t ion) = 1 - z ^ ^ A'v> 
0 • 
Table 47 gives the probabi l i t ies [P(0) ] of f inding a Salmonella-positive 
sample fol lowing the model assumptions. 
108 
Table 47. Probabi l i t ies [P(0)] of f inding a Salmonella-positive sample 
fol lowing the model assumptions 
Average cfu of Salmonella 1 - A 
0.1 0.01 0.001 















































































































The data in table 47 demonstrate very c lear ly that Salmonella-isolation 
methods exert a profound ef fect on the probabi l i ty [P(0)] of f inding a 
Salmonella posi t ive sample. I f i t is assumed that the average cfu 's of 
Salmonella per carcass is 60, and 1 - A = 0.001 (a 3 D^g- concept, 
corresponding with approx. D-,Q = 0.80 kGy at a dose of 2.50 kGy), 6 out of 
100 carcasses w i l l be found Salmonella-positive in case a Salmonella-
i so la t ion method is used capable of detecting 1 or more c f u ' s . 
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With a Salmonel 1 a-detection level of only 4 or more cfu 's no Salmonella-
posi t ive samples w i l l be found af ter i r rad ia t ion with a dose of 2.50 kGy. 
Another s i tuat ion exists assuming u = 1,000 c fu 's of Salmonella. P(0) 
a f te r i r rad ia t ion in case of a Sal monel 1 a-detecti on level of 1 or more 
c fu 's = 0.63; a Salmonella-detection level of 4 or more c fu 's would give 
0.00. 
Following the model assumptions i t seems that the variance in average 
numbers (y) of Salmonella c fu 's per carcass and the variance in D e v a l u e s 
as estimated in chapters 6 and 7, are less important than the 
Salmonella-detection level attained by the Salmonella-isolation method 
employed. This w i l l , of course, vary from procedure to procedure. I t may 
also f luctuate wi th in a given technique and even wi th in a given method 
applied in the same laboratory. I t depends strongly on the equi l ibr ium, 
during resuscitat ion and enrichment, between salmonellae and competing 
bacter ia. The model presented here may be a s ta r t to appraise the numerical 
value of several parameters inf luencing the l e t h a l i t y of a radic idat ion 
treatment. From those values the l e t h a l i t y A of any radic idat ion process can 
be computed, and hence the degree of consumer protection at ta ined. 
This important grossly disturbing ef fect of the f luc tuat ing sens i t i v i t y of 
Salmonel 1 a- iso lat ion methods on l e t h a l i t y can be eliminated by re ly ing on 
Enterobacteriaceae-cfu-counts (413). Residual Salmonel1a-survival 
probabi l i t ies can then be calculated from A terms established and from 
experimentally assessed e-values; c f . Section 3 (91). 
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CHAPTER 9 
9. EFFECT OF IRRADIATION ON THE MICROBIAL 
ASSOCIATION OF DEEP-FROZEN AND 
REFRIGERATED BROILER CARCASSES 
9 . 1 . Int roduct ion. 
The treatment of b ro i le r carcasses with d i f fe rent doses of ionizing 
radiat ion results in the survival of a varying part of the microf lora 
o r ig ina l l y present. This depends on the dose applied and the temperature 
during treatment; as a resul t microbial selection occurs (70,71), as i t is 
also observed secondary to a treatment with an t ib io t ics (339). 
The previous chapters described resul ts of investigations wherein the 
ef fects of ioniz ing radiat ion were studied almost exclusively on 
salmonellae and other Enterobacteriaceae. The use of ioniz ing radiat ion can 
resu l t in an almost Salmonella-free product, but on such products the 
microflora can be changed in such a way that the f ina l product becomes more 
dangerous to human health. Gram-negative rods are readi ly destroyed by 
radiat ion treatments; bacterial spores and many types of non-sporing 
Gram-positive rods w i l l survive. The poss ib i l i t y exists that the natural 
presence of certain bacteria l im i t s the development of potent ia l ly 
pathogenic or toxinogenic bacter ia, so that when these bacteria are 
eliminated the growth of pathogens is encouraged (161). 
In the invest igat ion to be described, the microflora of deep-frozen and 
refr igerated bro i le r carcasses which had been treated with d i f fe ren t doses 
of ioniz ing radiat ion was examined. Counts of c fu 's of various groups of 
microorganisms on the appropriate select ive and non-selective media were 
determined before and af ter i r r ad i a t i on . 
In l i t e ra tu re i t is described (117,206) that catalase, and also pyruvate, 
when added to the surface of selective agar media stimulates the repair of 
sublethal ly damaged c e l l s , so that these overcome the d i f f i c u l t i e s in terms 
of colony forming a b i l i t y when plated on selective agar media (393). 
I l l 
Catalase is said to promote the repair of these damaged ce l ls by the 
degradation of hydrogen peroxide formed by the ce l l s (206) or otherwise 
present in the media. In th is invest igat ion the selective agar media 
therefore were treated with catalase to evaluate the l i t e ra tu re f indings 
with th is par t icu lar sample mater ia l . Also some other methods for 
resusc i ta t ion, so-called "so l id- repai r " methods (282), to detect possibly 
stressed microorganisms, were tested. 
9.2. Results. 
Table 48 presents the various groups of microorganisms constituting the 
initial microbial community structure of the broiler carcasses used in the 
experiments. 
Table 48. Means and standard deviations of the initial contamination of 
broiler carcasses, (log cfu/10 cm2 or/ml). 
Experiment 1 (10 carcasses) Experiment 2 (5 carcasses) 
Test skin s thaw water s skin s thaw water s 
Total count 30QC 















































































These carcasses were treated with doses of ionizing radiation ranging from 
0 to 2.50 kGy, with steps of 0.50 kGy. Tables 49 and 50 give the results of 
experiments in which counts of different groups of microorganisms on 
selective agar media were compared with counts on the same agar media to 
which catalase had been added to the surface. 
The results indicate no increase in recovery of Escherichia coli and 
micrococci compared with non-treated media. Striking, however, are the 
facts that 1. yeasts and moulds were indeed recovered in higher numbers on 
the medium with catalase and 2. Bacillus cereus was completely inhibited 
on the medium to which catalase had been added. This points to the presence 
of inhibitory substances in the catalase preparation used; it is well known 
that Bacillus-spores are very sensitive to inhibitors of microbial growth. 
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Table 49. Means and logarithmic counts (log cfu/10cm ) of microorganisms on 
broiler samples after irradiation at -18 C. (5 carcasses per 
dose). 
Microorganism Medium Doses applied (kGy) 






Yeasts and moulds 
MC 
MC + cat 
KAA 
KAA + cat 
BPA 
BPA + cat 
MSA 
MSA + cat 
MEP 
MEP + cat 
0YDA 












5.2 4.7 4.8 
indicates < 2.0 
Table 50. Means and logarithmic counts (log cfu/ml) of microorganisms in 
thaw water of broiler carcasses after irradiation at -18 C. (5 
carcasses per dose). 
Microorganism Medium Doses applied (kGy) 






Yeasts and moulds 
MC 
MC + cat 
KAA 
KAA + cat 
BPA 
BPA + cat 
MSA 
MSA + cat 
MEP 














0YDA + cat 5.2 4.9 4.5 
























Table 51. D e v a l u e s (kGy) of microorganisms on b ro i le r skin. (5 carcasses 
per dose). 
I r rad ia t ion at -18 C I r rad ia t ion at +5T 
Microorganism Medium D^Q n D^Q n 
Enterobacteriacea VRBG 
TSA + VRBG 0.54 3 
VRBG + cat 
Escherichia coli MC 
TSA + MC 0.55 3 
MC + cat 
Faecal streptococci KAA 1.22 4 
Pw + KAA 1.27 4 
KAA + cat 1.31 4 
Staphylococcus aureus BPA 0.53 3 
Pw + BPA 0.54 3 
- = D1Q-value could not be calculated; n = number of doses applied 
Table 51 gives the results of experiments in which skin samples were 
examined for the presence of Enterobacteriaceae, Escherichia coli, faecal 
streptococci and Staphylococcus aureus. Also the effect of ionizing 
radiation was studied. The microbiological techniques used in this 
experiment were in agreement with the latest ideas on the detection of 
possibly stressed microorganisms (282). 
No significant differences were obtained between the three different 
detection methods used. Irradiation at -18 C resulted in higher Devalues 
than those obtained when the radiation treatment was performed at +5 C. 
In these experiments no evidence was obtained suggesting that other 
detection methods are needed for the enumeration of stressed microorganisms 
in radiated samples of broiler skin and thaw water. 
Table 52 gives the results divided into subgroups of strains customarily 
used for further identification. As expected the percentage of Gram + cocci 







































































































































































































Table 53. Microflora of broiler carcasses after 





















Streptococcus faecal is 
A]caligenes faecal is 
Alcaligenës" sp. 


























































At the same time Gram - rods decrease and are only sporadically found after 
higher radiation doses. This applies both to skin and to thaw water 
samples. 
Table 53 gives more detailed taxonomie information on the microflora 
detected on the carcasses after irradiation with a certain dose. Striking 
in view of their Dln-values is the presence of Escherichia coli in skin 
samples after a radiation dose of 1.50 kGy and of Escherichia coli and 
Pseudomonas species in thaw water samples after a radiation treatment with 
2.00 kGy and 1.50 kGy respectively. 
For carcasses which had been treated with a radiation dose of 2.50 kGy the 
microflora of the skin samples and of the thaw water samples consisted of 
bacilli, micrococci, streptococci and yeasts and moulds. The yeasts and 
moulds were not further identified. 
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Table 53. Development of microorganisms (mean of counts log cfu/10 cm ) on 
















Carcasses were negat 
Clostridium perfring 











































































Table 54 shows the development of cfu's of microorganisms on thawed 
radiated (2.50 kGy) carcasses during storage at +7 °C. 
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The Increase in bacterial counts during storage at +7°C is comparable to 
that observed on untreated carcasses. There were no isolations of 
Salmonella, Staphylococcus aureus and Clostridium perfringens and only 
sporadically Streptococcus species were found on the carcasses. 
9.3. Discussion. 
There is a considerable lethal effect of ionizing radiation on the total 
microflora present on skin or in thaw water when applied to the carcasses. 
The total counts on the products treated with a dose of 2.50 kGy were 
o 
between 100 and 1,000 cfu per 10 orr or per ml. Mainly micrococci and 
yeasts and moulds were recovered after treatment with this dose. In some 
cases faecal streptococci were found. The number of these bacteria present 
on the carcasses was below 100 cfu per 10 cm or per ml. 
After a radiation treatment with 0.50 to 2.50 kGy no surviving cfu could be 
counted. Therefore no D^-values were calculated. From the experiments it 
became evident that total aerobic counts could not be used to describe the 
lethality of the radiation process. A reason may be that the effect of 
ionizing radiation on mixed populations, as with the total of aerobic 
microorganisms present on the carcasses, results in irregular destruction 
curves. With every dose applied the total count depends on the fraction of 
relatively more resistant microorganisms. 
With increasing radiation doses, sometimes more surviving cfu were counted. 
One of the reasons for this phenomenon may be the fact that for every 
radiation dose 5 different carcasses were used. This finding may therefore 
be caused by the variation in the microbiological counts on carcasses. 
No stimulating effect as indicated in literature was observed in the 
enumeration of Staphylococcus aureus and Salmonella in case catalase was 
added to the surface of the selective agar media. The mechanism of the 
beneficial effect of catalase and the practical consequences for the 
enumeration of yeasts and moulds in foods should be studied in more detail 
in future. 
This also applies to Bacillus cereus cfu's which were completely inhibited 
on the catalase treated media. The presence of inhibitory substances in the 
catalase solution may have caused this effect. 
Solid medium repair methods (282), which were tested here to detect 
stressed microorganisms, did not result in significantly different D e -
values. As expected the use of ionizing radiation resulted in a microbial 
selection on the broiler carcasses. 
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However, no microorganisms were isolated which had not yet been found on 
the carcasses before the treatment. From this point of view no objection 
against the use of ionizing radiation of carcasses can be levelled. 
The surviving microflora of the carcasses consisted of bacilli, micrococci, 
streptococci and yeasts and moulds. Striking was the fact that Escherichia 
coli and a Pseudomonas species were present on the skin or in the thaw 
water after the application of high (1.50 to 2.50 kGy) doses of 
irradiation. According to their D,n-values these bacteria should already 
have been destroyed completely after a lower dose. 
Discussions in previous chapters have indicated the various factors 
involved. 
The final counts on the radiation treated carcasses are so low that no 
dangerous effect can be expected. Also no dangerous effect can be expected 
in case radiation treated frozen carcasses are thawed and stored at 
refrigeration temperatures. The development of the different groups of 
microorganisms during storage of the carcasses was comparable to the 
spoilage pattern of non-treated broiler carcasses. 
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CHAPTER 10 
10. SUMMARY OF RESULTS, CONCLUSIONS AND 
PRACTICAL CONSEQUENCES 
Validity of methods 
Experiments were carried out in which it was assessed which Salmonella 
isolation method is the most productive one in the examination of broiler 
carcasses. 
Refrigerated, refrigerated and radiated (2.50 kGy), frozen and frozen and 
radiated (2.50 kGy) samples of broilers were examined. After evaluation of 
all results it was concluded that the following method was the most 
productive one: 
1. pre-enrichment in buffered peptone water at 37 C for 20 hours 
2. enrichment in selenite cystine broth at 37 C and at 43 C for 24 hours 
3. selective plating on brilliant green sulphapyridine agar and XLD-agar 
at 37°C for 24 hours 
From this study it could not be concluded that other methods were not 
sufficiently reliable to be applied in other situations. 
However, it became clear that when sublethally damaged salmonellae are 
expected to be present, and when, as a result of the treatment, a different 
competitive microflora is present, adapted isolation methods should be 
used. 
The method chosen for Salmonella-isolation in the experiments described in 
this thesis was the ISO 3565/1975 reference method for isolation of 
salmonellae from meat and meat products. This method was ultimately 
preferred because of the experience obtained for many years in routine 
analyses. 
In two instances other conditions than prescribed by the ISO-method were 
used; i . e . the samples were incubated at 37 °C or 43°C for 24 hours. 
The ISO-method as well as i t s s l i gh t modif ication proved to be re l iab le 
methods in the experiments reported. 
121 
Escherichia coli versus Salmonella. 
The experiments have shown that the Escherichia coli K12 NDA strain tested 
can not be used as index microorganism for Salmonella : in this case 
Salmonella niloese and Salmonella panama on broilers, though in liquid and 
solid culture media the D,„-values of these three microorganisms were 
similar. 
The experiments with pure cultures and with a r t i f i c i a l l y contaminated 
carcasses showed that the fol lowing factors influenced D,„-values : 
1 . the culture media used before, during and af ter i r r ad i a t i on ; 
2. the temperature during i r r ad ia t i on ; 
3. the physiological age of the bacteria. 
No influence on D,„-values could be observed from : 
1 . the i n i t i a l ce l l concentration; 
2. the oxygen par t ia l pressure. 
The resul ts of the experiments showed that a f ter a radiat ion treatment wi th 
2.50 kGy Salmonella-positive samples were found; in those cases the numbers 
of c fu 's of Enterobacter!'aceae were below the detection l i m i t . This 
indicates that no other microorganism or groups of microorganisms can 
consistent ly serve as the sole index microorganism(s) for Salmonella. 
Ef fect of 2.50 kGy on salmonellae and Enterobacteriaceae. 
Poultry carcasses were found frequently contaminated with salmonellae. Per 
carcass a maximum number of 1,400 cfu per 1,000 cm skin were estimated by 
a MPN method. However, 90% of the tota l of the examined carcasses in th is 
speci f ic experiment contained less than 100 cfu s per 1,000 cm . Similar 
data are given in l i t e ra tu re (161,200,260,306). 
A radic idat ion treatment with a dose of 2.50 kGy markedly reduced the to ta l 
number of Salmonella-positive carcasses, as well as the number of 
salmonellae per carcass. 
This dose, however, could not guarantee a Salmonella-"free" product. 
The number of Salmonella contaminated carcasses was reduced tenfold (table 
38). Af ter i r rad ia t ion at +5°C with a dose of 2.50 kGy two series of pooled 
samples of b ro i le r skin were found Salmonel 1 a-posit ive by a MPN method. 
The serotypes isolated were agona and i n fan t i s . 
Before the radiat ion treatment these samples proved to be very sparsely 
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contaminated with salmonellae (numbers of 2 cfu per 1,000 cm ). 
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I t was shown in previous experiments that the D,„-values of these two 
serotypes were comparable to other serotypes, so the two did not belong to 
a radio-resistant group. 
Salmonella-positive samples which were observed in experiments in which 
they were expected to be absent, according to the i r estimated D,--values, 
were also found in : 
1 . experiments in which the resul t ing microf lora af ter certain radiat ion 
treatments was i den t i f i ed ; 
2. experiments in which the ef fect on Salmonella of freezing and storage 
of radiated carcasses was studied. 
In some experiments a r t i f i c i a l l y contaminated carcasses were used. In the 
case of Salmonella niloese and Salmonella panama a protective action was 
afforded by the carcass sk in. This resulted in D,Q-values of 1.07 and 1.29 
kGy respect ively, when i r rad ia t ion was carr ied out at -18 °C and in D e -
values of 0.62 and 0.67 kGy at +5 °C. 
The D^g-values of Salmonella panama estimated in skin samples were found 
higher (P<0.01) than the values which were estimated under optimal 
conditions in l i qu id culture media, when the D^-value was 0.52 kGy. 
Di f ferent factors as discussed ear l i e r exert an influence on D -values and 
therefore on the l e t h a l i t y of the radiat ion treatment. Only speculations 
can be made on the mechanism of the protect ive action of sk in. Perhaps 
salmonellae meet less competition from the natural ly present microf lora 
than Escherichia c o l i , resul t ing in a stronger attachment to the sk in. 
I t is possible that th is protection is provided by skin components or by 
ex t race l lu la r polysaccharides which are produced by attached bacteria 
(14,216). 
A model was designed to assess the probabi l i ty of survival a f te r 
i r r ad i a t i on . Following the model assumptions i t was shown that the 
detection level of the Salmonella-isolation methods employed was very 
important in the f inding of Salmonel 1 a-posit ive samples af ter i r r ad i a t i on , 
and hence the estimated l e t h a l i t y of a given radiat ion treatment. 
Several bacter ia, such as species of A lca l i genes, Escherichia, Pseudomonas 
and Salmonella were found in radiat ion treated products in which they were 
not expected according to the i r D,Q-values. 
The appl icat ion of low doses of ioniz ing radiat ion followed by freezing and 
storage of the products during a certain period had more success in 
reaching the f ina l goal : a Salmonel1a-"free" end product. 
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To demonstrate a correlation between the number of Enterobacteriaceae and 
the number of salmonellae present per carcass, also Enterobacteriaceae cfu 
counts were assessed. 
Surprising was the presence of Salmonella cfu in samples of broiler skin on 
which the number of Enterobacteriaceae cfu s were below 10 per 10 cm of 
skin. This effect was not found in samples of thaw water. 
A difference in lethal effect on salmonellae was not found between 
irradiation at +59c and at -189c. In literature (207) proof of differences 
in lethal effects of irradiation carried out at different temperatures have 
been reported. 
The results obtained with these experiments point to a preference for the 
application of the radiation treatment at +5 9c, but the statistical 
superiority over the other results was not proven. 
By means of estimation of the number of cfu's of Enterobacteriaceae no 
answer to this question could be obtained. All counts of cfu's proved less 
than 10 per 10 cm or per ml. After a three months' storage period at -18 C 
both groups of radiation treated carcasses were Salmonella-negative. This 
was not the case with untreated carcasses, from which Salmonella could be 
isolated during the whole storage period. 
In summary, it can be said that irradiation of broiler carcasses with a 
dose of 2.50 kGy results in a decrease of the total number of Salmonella 
contaminated carcasses as well as of the number of salmonellae per carcass. 
As the experiments showed very promising results with these combined 
treatments, further investigations should be made in the field of the 
application of the combined use of freezing and irradiation. 
Surviving microflora. 
The microflora surviving after irradiation with 2.50 kGy will not cause 
unexpected problems as demonstrated by the nature and the composition of 
the microflora. The residual "total" count of 100 - 1000 cells per 10 cm2 
or per ml consists of bacilli, micrococci, streptococci, yeasts and moulds. 
Sporadically an Enterobacteriaceae was also isolated. 
No stimulating effect as suggested in literature was observed in the 
enumeration of various microorganisms, especially Staphylococcus aureus and 
Salmonella, when catalase was added to the surface of the selective agar 
media. The mechanism of the beneficial effect of catalase on the 
enumeration of yeasts and moulds end of the inhibitive effect on cfu's of 
Bacillus cereus should be studied in more detail in future. 
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Solid medium repair methods used in the enumeration of stressed 
microorganisms did not result in better recoveries of the microorganisms 
investigated. 
The presence of Salmonella in the end product after irradiation with 2.50 
kGy shows that this dose does not guarantee a Salmonella-"free" end 
product. The question arose which dose is needed to guarantee this. The 
broiler skin and irradiation in the frozen condition provided a protection 
of Salmonella against irradiation. The highest D^Q-value found was approx. 
1.29 kGy. If the 7 D,Q- concept is applied a dose of approx. 9.00 kGy at 
-18 C is needed for thaw water. 
This dose is rather high, but nowadays doses up to 10.00 kGy are accepted 
by international organizations. In case of poultry products it is expected 
that at this dose quality defects will occur. 
If "absence" of Salmonella in radiated skin samples is required a dose of 
3.90 kGy is needed with irradiation at -18°C and a dose of 1.95 kGy at 
+5 C. The data presented, however, show that such high doses are not 
necessary. Experiments have shown that the number of salmonellae per 
carcass will be lower than 100 cfu. An additional storage period for 1 to 3 
months at -18 C leads to a decrease in the number of salmonellae per 
carcass. In literature (259) it was shown that freezing resulted in an 0.5 
log cycle reduction of the number cf salmonellae cfu. The application of a 
radiation dose of 2.50 kGy does not guarantee a Salmonella-"free" end 
product. The microbiological quality, with respect to total counts and to 
the presence of potentially pathogenic microorganisms, is improved in 
comparison with the untreated slaughtered product. 
Practical consequences. 
The application of a radiation dose of 2.50 kGy was not sufficient to 
destroy all salmonellae present per carcass. 
The surviving microflora of the carcasses consisted of bacilli, micrococci, 
streptococci, yeasts and moulds. The final counts on the radiation treated 
carcasses were so low that no dangerous effect can be expected. 
Salmonel1a-contaminated broiler carcasses contained on an average 100 cfu's 
per carcass {minimum : 2, maximum : 1,400). 
After irradiation only 2 series of pooled skin samples contained 2 cfu. 
D^-values for Salmonella panama after irradiation at +5 i and at -18 °C 
were 0.67 kGy and 1.29 kGy respectively. 
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As can be seen from these D-^-values and from the number of Salmonella 
c fu 's per carcass, generally, the carcasses w i l l be Salmonella-negative 
a f te r i r rad ia t ion with 2.50 kGy. An extra ef fect on the number of 
Salmonella-positive carcasses as well as on the number of salmonellae per 
carcass can be obtained by freezing and additional storage for several 
months' at -18 °C. 
An extrapolation to the whole Dutch broiler production of the lethal effect 
of the radiation treatment as measured in the experiments described may not 
be made, because of uncertainty with respect to the variance in average 
numbers of Salmonella cfu's per carcass, the variance in D.. -values and the 
Salmonella detection level obtained by the Salmonel1 a-i sol ati on method 
used. 
Nevertheless the results presented here indicate that in case the whole 
Dutch broiler production (approx. 3.0 . 10 carcasses) is treated with a 
dose of 2.50 kGy and assuming a D^-value of 0.80 kGy, the maximal result 
would be 1 positive carcass in 55 carcasses, which means that the number of 
Salmonella contaminated carcasses is decreased 14 times. 
Additional storage for several months' at -18 C affords an extra beneficial 
effect to this respect. 
A combined treatment of freezing and irradiation can be recommended to 
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Methodologie. 
Proeven werden uitgevoerd om vast te stellen welke methode voor de isolatie 
van Salmonella bacteriën het best toepasbaar is voor de bepaling van 
kolonie vormende eenheden (kve's) van deze bacteriën op het geslachte 
eindprodukt. Hiertoe werden gekoelde en diep-bevroren slachtkuikens al of 
niet bestraald met een dosis van 2.50 kGy onderzocht. Na verwerking van de 
resultaten werd gekozen voor de volgende methoden : 
1. voorophoping in gebufferd pepton water gedurende 24 uur bij 37°C; 
2. ophoping in seleniet cystine bouillon gedurende 24 uur bij 37°C en bij 
43°C; 
3. bepaling van kve's op briljantgroen fenolrood agar en op XLD-agar, 
inkubatie gedurende 24 uur bij 37°C. 
Uit deze resultaten kan niet de konklusie worden getrokken, dat de andere 
methoden onder andere onderzoeksomstandigheden niet betrouwbaar zouden 
zijn. De konklusie, die wel uit deze studie kan worden getrokken is, dat 
indien sublethaal beschadigde kve's van Salmonella bacteriën worden 
verwacht en indien er ten gevolge van een bepaalde behandeling een anders 
samengestelde konkurrerende microflora aanwezig is, aangepaste isolatie 
methoden kunnen worden toegepast. 
In alle overige proeven, die in dit proefschrift zijn beschreven, werd voor 
de isolatie van kve's van Salmonella bacteriën gebruik gemaakt van de 
methode omschreven in het ISO 3565/1975 voorschrift. Deze methode werd 
toegepast vanwege de praktische ervaring, die hiermede gedurende vele jaren 
bij routinematig en toegepast onderzoek werd verkregen. In enkele gevallen 
werden de monsters slechts 24 uur in het ophopingsmedium bij 37°C of 43°C 
bebroed. 
De ISO 3565/1975 methode bleek een betrouwbare methode te zijn tijdens de 
proeven. 
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Escherichia coli versus Salmonella. 
De proeven hebben aangetoond dat Escherichia coli K12 NDA onder 
proef-omstandigheden niet kan worden gebruikt als index microorganisme voor 
Salmonella : in dit onderzoek voor Salmonella niloese en Salmonella panama. 
Bij proeven, waarbij de decimale reduktie waarde (D,n) in vloeibare en 
vaste media werd bepaald, bleken de D.. -waarden van genoemde 
microorganismen goed met elkaar overeen te stemmen. 
De resultaten van de proeven met reinkultures en met kunstmatig besmette 
karkassen toonden aan, dat de volgenue faktoren de D,„-waarden beinvloeden: 
1. de kultuurmedia waarin de bacteriën voor, tijdens en na de 
bestralingsbehandeling werden gekweekt; 
2. de temperatuur tijdens de bestralingsbehandeling; 
3. de fysiologische leeftijd van de bacteriën. 
Er kon geen invloed worden vastgesteld van : 
1. de koncentratie van de aanwezige bacteriën; 
2. de aanwezigheid van zuurstof in het medium. 
Salmonella positieve monsters werden bepaald in huidmonsters, die waren 
behandeld met een stralingsdosis van 2.50 kGy. In die gevallen bleek het 
niet mogelijk kve's van de Enterobacteriaceae aan te tonen. 
De Escherichia coli stam vertoonde een duidelijk ander gedrag ten opzichte 
van ioniserende straling op kunstmatig besmette kuikens dan de twee 
Salmonella stammen. Aanwijzingen werden verkregen, dat er geen 
microorganisme of groepen van microorganismen zijn gevonden, die als index 
organisme(n) voor salmonellae kunnen dienen. 
Het effekt van een behandeling met 2.50 kGy op salmonellae en 
Enterobacteriaceae. 
Het geslachte eindprodukt bleek besmet met salmonellae. 
Per karkas werden met behulp van een Most Probable Number (MPN) methode 
tussen de 2 en 1400 kve's per 1000 cm huid aangetoond. 90% van de 
onderzochte karkassen bevatte echter minder dan 100 kve's per 1000 cm huid. 
Ook in de literatuur worden dergelijke aantallen gegeven (161,200,260,306). 
Een pasteurisatie behandeling met ioniserende straling met een dosis van 
2.50 kGy gaf een aanzienlijke reduktie van het aantal met Salmonella 
besmette karkassen, terwijl tevens het aantal salmonellae per karkas afnam. 
Deze dosis bleek echter niet afdoende om een Salmonella-vrij produkt te 
verkrijgen. Het aantal met Salmonella besmette karkassen nam door de 
bestralingsbehandeling met een faktor 10 af (tabel 38). 
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Na de bestraling met 2.50 kGy bij +5°C bleken twee series huid-mengmonsters 
Salmonella positief. De bepaling hiervan werd met een MPN methode 
uitgevoerd. De serotypen waren agona en infantis. Voor de 
bestralingsbehandeling bleken deze monsters met zeer geringe (2 per 
2 
1000 cm ) aantallen kve's van Salmonella besmet. Uit voorgaande proeven, 
waarbij D^-waarden werden bepaald, was gebleken dat de resistentie van 
genoemde serotypen tegen ioniserende straling niet afwijkend was van de 
overige onderzochte serotypen, zodat niet kan worden gesproken van twee 
vertegenwoordigers van een stralingsresistente groep Salmonella bacteriën. 
Salmonella positieve monsters, waar deze, gezien de D -waarden, niet 
verwacht werden, werden aangetoond bij : 
1. proeven, waarbij de overlevende microflora na een bepaalde 
bestralingsbehandeling werd bepaald; 
2. proeven, waarbij de invloed van bevriezing en bewaring van bestraalde 
karkassen op de aanwezigheid van Salmonella werd onderzocht. 
Bij enkele proeven werd gebruik gemaakt van kunstmatig besmette karkassen. 
Bij proeven met Salmonella niloese en Salmonella panama kon worden 
aangetoond, dat de slachtkuikenhuid een duidelijke bescherming tegen 
ioniserende straling gaf. De gevonden D,n-waarden voor beide serotypen 
waren 1.07 en 1.29 kGy, indien de bestraling bij -18°C werd uitgevoerd en 
0.62 en 0.67 kGy indien de bestraling bij +5 C werd uitgevoerd. 
De D^g-waarden voor Salmonella panama bepaald aan kuikenhuid bleken 
hoger (P<0.01) dan de D,„-waarden, die met reinkultures onder optimale 
kondities in vloeibare kultuurmedia werden bepaald (0.52 kGy). 
Verschillende faktoren, die van invloed zijn op de lethaliteit van de 
bestralingsbehandeling, werden besproken. 
Over het mechanisme van de bescherming van de slachtkuikenhuid tegen 
ioniserende straling kan slechts worden gespeculeerd. Een mogelijke 
verklaring kan zijn, dat Salmonella bacteriën minder worden beinvloed door 
de op de huid van slachtkuikens aanwezige microflora, dan de Escherichia 
coli. Het resultaat kan dan een sterkere hechting aan de kuikenhuid zijn. 
Het is mogelijk dat huid-eiwitten daarvoor verantwoordelijk zijn; het kan 
eveneens zijn dat bacteriën extracellulaire Polysacchariden produceren, die 
voor de bescherming zorg dragen (14,216). 
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Er werd een model opgesteld om de kans te kunnen berekenen, dat na een 
bepaalde bestralingsbehandeling nog een Salmonella positief monster zou 
worden aangetoond, waarbij tevens de lethaliteit van de bestralings-
behandeling kan worden vastgesteld. De resultaten van de berekeningen 
toonden aan, dat onder de gemaakte aannames, de gevoeligheid van de 
gebruikte Salmonella isolatiemethoden hierbij erg belangrijk was. Diverse 
bacteriën, zoals stammen van Alcali genes, Escherichia, Pseudomonas en 
Salmonella werden bepaald in bestraalde Produkten, waarin deze bacteriën 
gezien hun D,--waarden nauwelijks konden worden verwacht. 
Een gekombineerde behandeling van de karkassen met ioniserende straling met 
daarvoor of daaropvolgend een bewaarperiode gedurende 4 maanden bij -18 C, 
gaf veelbelovende resultaten op weg naar het uiteindelijke doel : een 
Salmonella-vrij eindprodukt. 
Om een verband te leggen tussen het aantal aanwezige kve's van 
Enterobacteriaceae en het aantal kve's van salmonellae werd eveneens een 
telling van kve's van de gehele groep der Enterobacteriaceae uitgevoerd. 
Opvallend was de aanwezigheid vzr. kve's van salmonellae in monsters 
slachtkuikenhuid, waarvan het aantal kve's van Enterobacteriaceae kleiner 
was dan (log) 1.00. 
Bij het onderzoek van dripwater werden deze resultaten niet bevestigd. 
Er werd geen verschil in lethaal effect op Salmonella gekonstateerd, indien 
de bestraling bij -18°C of bij +5°C werd uitgevoerd. In de literatuur (207) 
werd op een verschil in lethaal effect geduid. Op grond van de resultaten 
zou een behandeling bij +5 C de voorkeur verdienen; de verschillen bleken 
echter niet signifikant te zijn. 
Ook de bepaling van het aantal Enterobacteriaceae gaf geen antwoord op de 
vraag of er een verschil in lethaal effekt kan worden verkregen door een 
bestralingsbehandeling bij +5°C of bij -18°C uit te voeren. Alle tellingen 
van kve's bleken beneden de bepalingsgrens te liggen. 
Het is duidelijk dat na een 3 maanden bewaarperiode bij -18 C geen 
Salmonella werd geisoleerd uit met 2.50 kGy bestraalde karkassen. 
Onbehandelde diep-bevroren karkassen bleken gedurende de gehele 
bewaarperiode Salmonella positief. 
Samenvattend kan worden gesteld, dat na een bestralingsbehandeling met 2.50 
kGy een afname van het aantal met Salmonella besmette karkassen als ook van 
het aantal salmonellae per karkas werd gevonden. 
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De veelbelovende resultaten, verkregen met een gekombineerde behandeling 
van bestraling, bevriezing en bewaring van kuikenkarkassen, rechtvaardigen 
verder onderzoek naar het effekt van deze behandelingen op salmonellae en 
Enterobacter!'aceae. 
De microflora van het geslachte einoprodukt na een bestralingsbehandeling. 
De samenstelling van de microflora van het geslachte eindprodukt na een 
bestralingsbehandeling gaf kwalitatief gezien, in vergelijking met 
onbehandelde karkassen, een normaal beeld. Het totaal kiemgetal was 
gereduceerd tot 100 - 1000 kve's per 10 cm huid en bestond voornamelijk 
uit bacillen, micrococcen, Streptococcen, gisten en schimmels. Sporadisch 
werden kve's van Enterobacteriaceae geisoleerd. 
De telling van kve's van Staphylococcus aureus en van Salmonella werd niet 
verbeterd door aan het oppervlak van de selektive agar media katalase toe 
te voegen. 
Het mechanisme van de groeibevordering van gisten en schimmels door de 
toevoeging van katalase aan selektieve agar media dient in de nabije 
toekomst te worden bestudeerd. Dit geldt eveneens voor de telling van kve's 
van Bacillus cereus, die door de toevoeging van katalase aan het oppervlak 
van het selektieve agar medium niet konden worden gekweekt. 
De z.g. "solid medium repair" methoden, die voor de telling van mogelijk 
sublethaal beschadigde kve's werden gebruikt, gaven geen hogere tellingen 
dan die verkregen met meer konventionele methoden. 
De aanwezigheid van Salmonella in een met 2.50 kGy bestraald produkt toont 
aan dat met deze behandeling niet zonder meer een Salmonella-vrij produkt 
kan worden verkregen. De vraag kwam naar boven welke dosis dan wel voor dit 
doel nodig is. 
Zoals bekend gaven de kuikenhuid en de lage temperatuur tijdens de 
bestraling (-18 °C) een bescherming tegen de ioniserende straling. 
De hoogste D -waarde voor Salmonella panama was 1.29 kGy. 
Als voor een 7 D^g- koncept wordt gekozen, dan is een dosis van circa 9.00 
kGy noodzakelijk, indien dripwater bij -18 C zou worden bestraald. 
Deze dosis is hoog, hoewel men het er internationaal over eens is dat een 
dosis van 10.00 kGy kan worden toegepast. Voor pluimveeprodukten is deze 
dosis te hoog vanwege de optredende geur-, kleur en smaakafwijkingen. 
Als alleen de afwezigheid van kve's van Salmonella in het eindprodukt is 
vereist, dan is bij een bestralingsbehandeling bij -18 C een dosis van 3.90 
kGy en bij +5 °C een dosis van 1.95 kGy nodig. 
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De resultaten van de proeven geven aan dat de hoge doses niet per se 
noodzakelijk zijn. Immers het aantal kve's van Salmonella per karkas lag 
gemiddeld gezien onder de gestelde 100 kve's. Door een aanvullende 
bewaarperiode bij -18°C kan een aanzienlijke extra reduktie van het aantal 
Salmonella worden verkregen. Uit literatuur gegevens (259) is gebleken dat 
door bevriezing van de karkassen een halve log-eenheid reduktie van het 
aantal kve's van salmonellae kon worden verkregen. De toegepaste dosis van 
2.50 kGy garandeert geen Salmonella-vrij eindprodukt. De microbiologische 
kwaliteit van het eindprodukt is, met het oog op het totaal kiemgetal als 
ook op de aanwezigheid van mogelijk pathogène microorganismen, duidelijk 
verbeterd in vergelijking met niet behandelde eindprodukten. 
Praktische konsekwenties. 
De behandeling van slachtkuiken-produkten met een dosis ioniserende 
straling van 2.50 kGy levert geen Salmonella-vrij eindprodukt. Het totaal 
kiemgetal was gereduceerd tot 100 - 1000 kve's per 10 cm huid en bestond 
voornamelijk uit bacillen, micrococcen, Streptococcen, gisten en schimmels. 
Met Salmonella besmette karkassen bleken gemiddeld 100 kve's te bevatten 
(minimum : 2, maximum : 1400). Na de bestraling bleken slechts twee series 
van de onderzochte huid-mengmonsters Salmonella positief. 
De D^Q-waarden voor Salmonella panama na een bestralingsbehandeling bij 
+5 C en bij -18 °C waren respektievelijk 0.67 kGy en 1.29 kGy. 
Aan de hand van deze D10-waarden en van de aantallen kve's van Salmonella 
per karkas, kunnen over het algemeen Salmonella negatieve eindprodukten 
worden verwacht. Een extra effekt op het aantal Salmonella positieve 
monsters en op het aantal kve's van salmonellae per karkas kan worden 
verkregen door de karkassen gedurende een aantal maanden bij -18 C te 
bewaren. 
Een extrapolatie naar het lethale effekt van een bestralingsbehandeling van 
2.50 kGy op de gehele Nederlandse slachtkuikenproduktie mag niet worden 
gemaakt, vanwege de onzekerheid omtrent de variatie in het gemiddelde 
aantal salmonellae per karkas, de variatie in D -waarden en het Salmonella 
detectie niveau behorend bij de gebruikte Salmonella isolatie methode. 
Niettemin geven de resultaten aan dat indien de gehele slachtkuiken-
produktie (3.0 . 10 karkassen) zou zijn behandeld met 2.50 kGy en een D,„-
waarden van 0.80 kGy wordt aangenomen, het maximale resultaat zou zijn dat 
na bestraling nog 1 op 55 karkassen Salmonella positief is; dit betekent 
een verbetering met een faktor 14. 
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o 
Een aanvullende bewaarperiode b i j -18 C kan d i t resultaat pos i t ie f 
beïnvloeden. 
De gekombineerde behandeling van bevriezing en bestral ing is een 
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